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Banff 2001 Pipeline Workshop In-Line Inspection Tutorial

In-line Inspection
Bruce Nestleroth, Battelie and Pat Vieth, CC Technology

The in-line inspection tutorial was attended by over 50 workshop registrants and was a mix of
pipeline company experts with years of experience with in-line inspection, pipeline company
neophytes, inspection vendors, consultants and government regulators. The afternocon portion

line inspection. Afier a brief introduction to terms used on all types of in-line inspection tools,
the workshop focused on the most commonly used technology, magnetic flux leakage (MFL).
This included both the widely used technology that magnetizes in the axial direction, and the
emerging technology that magnetizes in the circumferenial direction, transverse to the axial

direction.

The MFL tutorial started with application of the magnetic field and the inspection variables that
effect the results including velocity, pipe material, wall thickness, diameter and remanent
magnetization. Then characteristics of flux leakage from pipeline defects was discussed.

shown along with the effect of inspection variables. Sensor and data recording considerations
were discussed. Finally a performance capability prognosis was given.

Bruce Nestleroth, Battelle and Pat Vieth, CC Technoiogy H




Banff 2001 Pipeline Workshop

Attendees at In-Line Inspection Tutorial - April 9, 2001

In-Line Inspection Tutorial

9:00 a.m. - noon Session

1. Chris Horkoff AEC Oil & Gas Medicine Hat, AB
2. Chris Grant Alberta Energy and Utilities Board Calgary, AB

3 Arti Bhatia Alliance Pipeline Calgary, AB

4. Daryll Wendland Alliance Pipeline Ltd. Grande Prairie, AB
5. Terri Johnston Alliance Pipeline Ltd. Calgary, AB

6. Ben Sokol ATCO Pipelines Edmonton, AB

7. Fred Baines BC Gas Utlity Ltd. Surrey, BC

8. Chris Billinton BC Gas Utility Ltd. Kelowna, BC

9. Chris Hallam B Pipeline Inspection Calgary, AB

10. Jenny Been CANMET QOttawa, ON

1. Bill Tyson CANMET Materials Technology Lab Ottawa, ON

12. Alebachew Demoz CANMET Western Research Centre Devon, AB

13. ClLiff Mitchell CJ Mitchell & Associates Ltd. Calgary, AB

14. Dave Webster Coli Engineering Corporation Calgary, AB

15. Chris Pollard Comerstone Pipeline Inspection Group Houston, TX

16, Zane Remnhart Corrpro Canada Inc. Calgary, AB

17. CGrant Firth Corrpro Canada Inc. Calgary, AB

i8. Doug Poran Corrpro Canada Inc. Calgary, AB

19. Don Engen Enbridge Pipelines Inc. Edmonton, AB
20. Shawn Dawe Enbridge Pipelines Inc. Edmonton, AB
21, Garrett Hilkie Enbridge Pipelines Inc. Edmonton, AB
22. Mo Mohitpoul Enbridge Pipelines Inc. Edmonton, AB
23. | Blair Camroll Fleet Technology Lid. Edmonton, AB
24. Kyle Keith Foothills Pipe Lines Lid. Calgary, AB

25. John Chase Hunter McDonnell Pipeline Services Edmonton, AB
26. Debbie Siemens Hunter McDonnell Pipeline Services Edmonton, AB
27. Al Forth Imperial Oil, Pipeline Operations Waterdown, ON
28, Neil S. Hay Koch Pipelines Canada L.P. Calgary, AB

29, Bruno Romero Maya Database & Intemet Apps. Inc, Calgary, AB

30, Dennis Hinnah Minerals Management Service Anchorage, AK
31 Tom Morrison Morrison Scientific Inc, Calgary, AB

32, Rima Raed National Energy Board Calgary, AB

33. Josef Kopec National Epergy Board Calgary, AB

34. Paul Trudel National Energy Board Calgary, AB

35, Mary Gale Nova Chemicals Red Deer, AB

36. Ray Jones Nova Chemicals Red Deer, AR

37. Pete Donnelly Pembina Pipeline Corporation Drayton Valley, AB
38. | Chris Pierce Pierce Consulting Ltd, Calgary, AB

39. Lee Greanyp Positive Projects International Ltd, Calgary, AB

40. Ivani De S, Bott Puc-Rio/DCMM Rio de Janeiro, Brazil
41. Rick Stelmachuk Rosen Inpsection Technologies Houston, TX

42, Jim Yukes Russell NDE Systems Edmonton, AB
43, Dave Toporowsky Simmons Group Inc. Calgary, AB

44, Brian Deanis Suncor Energy Marketing Inc. Sherwood Park, AB
45, (Gabriel Nahas TransCanada (Ventures Projects) Calgary, AB

48, Greg Toth TransMountain Pipeline Vancouver, BC
47. J1.B. McNeice TransMountain Pipeline Kamloops, BC

48. Tom Weber Trenton Corporation Houston, TX

49. Lance Bengert Westcoast Energy

50. Gord Gairdner Westcoast Energy Fort Nelson, BC




Banff 2001 Pipeline Workshop Risk Tutorial

Risk Management / Risk Analysis Tutorial
Presented by lan Dowsett, RWD] West Inc.

Increasing pipeline infrastructure coupled with a growing and knowledgeable public located near
pipelines is resulting in increased public concermn about pipelines. These concemns include public
safety, health, the environment, quality-of-life and the distribution of the risks and benefits from

pipeline activities.

The Risk Management / Risk Analysis tutorial addressed many of the factors underlying “Public

Safety” decisions (both technical and non-technical). The tutorial presented:

* Anoverview of the views, roles and responsibilities of industry and the regulators.

* The views and influences that the public has in effecting energy development decisions.

* An example (through the use of a video) of public involvement and influence on a recent
energy development decision.

* A summary of the technical tools used to estimate hazards and risks.

The tutorial provided an interactive setting. Attendees indicated that:

* The public’s view of hazards and risks is very different than the view held by industry.

* Standardization of the methods used for calculating hazard and risks would provide more
consistent estimates of hazards and risks and would minimize uncertainty resulting from
differences in the opinions expressed by experts.

* There is a need to differentiate between “the hazard™ (i.e., worst case scenario) and “the risk”
(L.e., the probability of being affected), and to differentiate between the decisions and their
priority (i.e., public safety, health, and environment).

¢ There is a need for risk acceptability criteria.

* There is a need to improve the communication of all of these issues to the public and industry
itself.

lan Dowsett, RWDI West Inc. i




Banff 2001 Pipeline Workshop

Risk Assessment/Risk Management Tutorial

Attendees at Risk Assessment/Risk Management Tutorial — April 9, 2001

1. George Prociw Enbridge Consumers Gas Scarborough, ON
2. Lawrence Ator National Energy Board Calgary

3. Nathan Len National Energy Board Calgary

4. Nancy Dubois National Energy Board Calgary

3, Rick Guistad Alliance Pipeline Eden Prairie, MB
6. Allan Bouwers NeoCorr Engineering Ltd. Calgary

7. Bob Longpre BP Canada Energy Company Calgary

8. Daryl Baxandall CorrOcean Canada Inc. Calgary

9. David Coleman Centra Gas Manitoba Winnipeg, MB
10. Leonard Lozowy AltaGas Utilities Ledue, AB

il Aldo Diflumeri Canadian Natural Resources Lid. Calgary

12. Bob Shapka _Talisman Energy Calgary

13, Andy Isherwood BGC Engineering

14, Denene Geissler Hunter McDonnell Pipeline Services Edmonton

15, Siu-Yung Tsai TransCanada Pipelines Lid. Redcliff, AB
16. Lorance Pasiechnyk Simmons Group Inc. — Pipelines Calgary

17. Lyle Gerlitz FLG Engineering Ltd, Calgary

18, Steve Lambert University of Waterloo Waterloo, ON
19, Duane Cronin University of Waterloo Waterloo, ON
24. Roy Pick University of Waterloo Waterloo, ON
21, Norm Trusler BC Gas Utility Surrey, BC
22. | Bruce Fowlie Nu-Trac Management Consulting Ltd. Calgary

23. Paola Bonandrini SNAM s.p.A. ITtaly

24. Brunc Romero Mayva Database & Internet Applications Inc. Calgary

25, Bob Wiens Oesa Associates

26. Ken Poloway Mobiltex Data Lid. Calgary

27, Rob Slevin Mobittex Data Lid. Calgary

28. Daphne Snelgrove Transportation Safety Board Hull, PQ

20. David Don HCI Canada Calgary

30. Larry Dyke Natural Resources Canada Ottawa

31, Cindy Smallman

32. Lin Zharo ABS

33, Ramesh Singh RA[ Inspection Service Edmonton

24, Noel Billette Natural Resources Canada Ottawa, ON
35, Wenyue Zheng Natural Resources Canada Ottawa, ON
36. Jenny Jackman CANMET Ottawa, ON
37. Dan Powell Corpro Canada Inc. Calgary

38. Reg Fadie NRTC - University of Alberta Edmonton

39, John Skalski Enbridge Pipelines Inc. Edmonton

40. Rick Doblanko Enbridge Pipelines Inc. Edmonton

41. Jim Oswell AMEC Earth & Environmental Ltd. Calgary

43, Ian Smith Sun Canadian Pipeline Waterdown, ON
43. Brad Smith Enbridge Pipelines Inc. Edmonton

44. | Walter Kresic Enbridge Pipelines Inc. Edmonton

45. | Darron Mazurek Tri Ocean Engineering Ltd. Calgary

46. Maury Dumba Positive Projects International Lid. Calgary

47. Jules Chomey TransGas Lid. Saskatoon, SK
48, Jill Hopkins Conoco Rock Spring, WY
48, Catherine Pinean TransCanada Pipelines Lid. Calgary

50. Graeme King (reenpipe Industries Calgary

51, Monica Santander National Energy Board Calgary




Banff 2001 Pipeline Workshop R-8treng Tutorial

R-STRENG User Course
Pat Veith, CC Technologies

Pat Vieth, CC Technologies, described the historical development of the B3 1G and RSTRENG
methods used to evaluate the bressure-carrying capability of corroded pipe and to ensure that an
adequate safety margin is maintained. B31G was originally appendix G of the ANSI B31 code.
RSTRENG stands for Remaining Strength. Both methods are referenced in the US Federal
Regulations Part 192.485 as acceptable method to determine the remaining strength of corroded
pipe, and the B31G method is embedded in CSA Z662. There are two versions of RSTRENG.
The following table summarizes the key aspects of the methods.

T

Method Flow Stress Folias Factor Area
B31G 1.1 SMYS 2 term for L/DT=<20"| 2/3 tota] length x depth
RSTRENG 85% Area | SMYS + 10,000 ksi | 3 term, no length limit | 0.85 x total length x
SMYS + 68.9 Mpa depth
RSTRENG Effective * “ Iterative calculation to ]
Area determine lowest failure
pressure*

*The RSTRENG Effective Area method describes the profile of the metal loss area and uses an
iterative calculation to determine the lowest failure pressure for all combinations of effective
length and the associated metal loss area.

The RSTRENG methods were validated by comparing actual burst pressures from 30
experimental burst tests, hydrostatic test failures and service failures of corroded pipe and burst

tests of machined slots.

The RSTRENG software was developed in 1991 and is recognized to have some limitations that
make it “user hostile” and can make the output results confusing, It requires input data for the
diameter, actual wall thickness, pipe grade and MOP, and the metal loss geometry. For the
RSTRENG effective area method data is entered to describe the profile of the corroded area. For
the 85% Area method, a profile must be entered that Tepresents a maximum depth and total

length.

When the calculated failure stress is greater than SMY'S, no repair is required. If the failure
stress is less than SMYS additional analysis is required to determine a safe operating pressure
that will provide the intended safety factor.

The output identifies a safe maximum operating pressure that is based on a safety factor
corresponding to the pressure at SMYS divided by the value entered for MOP/MAOP. The
calculated factor of safety is the predicted burst pressure divided by the MOP.

Kiefner and Associates have an Excel spreadsheet called KAPA, (Kiefner & Associates Inc. Pipe
Assessement) available at no charge from www .kiefner.com, that includes user instructions and
performs essentially the same analysis as the RSTRENG software, as well as calculations for
crack-like flaws whose failure depends on material toughness.

Prepared by: Bob Coote, Coote Engineering i




Banff 2001 Pipeline Workshop

Attendees at R-Streng User Course Tutorial — April 9, 2001

R-Streng Tutorial

1. Bert Johnson 4] Ventures Lid. Calgary, AB

2. Chris Horkoff AEC Oil & Gas Medicine Hat, AB
3. Lome Carlson Alliance Pipeline Limited Calgary, AB

4, Artur Janz ATCO Pipelines Edmenton, AB
3, Dave Hektner BJ Pipeline Inspection Services Calgary, AB

6. Peter Chan BJ Pipeline Inspection Services Calgary, AB

7. Mimoun Elboujdaini CANMET Materials Technology Lab Ctiawa, ON

g. David Jolivette Canspec Group Inc. Edmonton, AB
9, Brian Paradis Canspec Group Inc. Edmonton, AB
10. | Stanley Wong CC Technologies Canada Ltd. Calgary, AB
11 Don Wallace Centra Gas BC Inc. Nanammo, BC
12, Howard Wallace Colt Engineering Calgary, AB
13. Bruce Moore Conoco Canada Limited (PTC Pipeline) Regina, SK

14. Bob Coote Coote Engineering Calgary, AB
15. Tanis Elm Enbridge (U.S,) Inc. Duluth, MN
16. | Scott Ironside Enbridge Pipelines Inc. Edmonton, AB
17. Deb Billey Enbridge Pipelines Inc. — contractor Edmonton, AB
18. Harvey Haines Gas Technology Institute Des Plaines, IL
19. Chris Hartnell Hunter McDonnell Pipeline Services Billings, MT
20, Shamus McDonnel! Hunter McDonnell Pipeline Services Edmonton, AB
21. Scott Amndt Husky Oil Lloydminster, SK.
22. Darryl Shyian Imperial Oil Resources Bonnyville, AB
23, Delton Gray Keyspan Energy Canada Inc, Edmonton, AB
24. Mark Johnson Marr Associates Calgary, AB
25, Framei Jeglic National Energy Board Calgary, AB
26. | Doug Waslen National Energy Board Calgary, AB
27. Minh Ho National Energy Board Calgary, AB
28. Myles Artym NeoCorr Engineering Ltd. Calgary, AB
29, Greg Van Boven NOVA Research & Technology Corp. Calgary, AB
30. Neb Uzelac PII (Canada) Ltd. Concord, ON
31, Christine Rubadeau PII North America, Inc. Houston, AB
32, Bruce Hagerman PH North America, Inc, Houston, AB
33. Gerry Wilkinson Positive Projects International Lid. Calgary, AB
34, Bryce Brown Rosen Pipeline Inspection Houston, AB
35, Kyle Loewen Trans Mountain Pipeline Company Ltd. Sherwood Park, AB
36. Mike Reed Trans Mountain Pipeline Company Ltd, Vancouver, BC
37. Shawn McGregor Trans Mountain Pipeline Company Ltd. Kamloops, BC
38. Mark Ottem Trans Mountain Pipeline Company Lid. Burnaby, BC
39. Blaine Ashworth TransCanada Pipelines Ltd. Calgary, AB
40. Curtis Parker TransGas Regina, SK

41. John Parsons Tuboscope Pipeline Services Houston, AB
42, Theresa Bell U.S. Minerals Management Service Camarillo, CA
43, Brian Ogden Westcoast Energy Inc. Hope, BC

44. Errol Batchelor Westcoast Energy Inc, Prince George, BC
43. Jennifer Wong Westcoast Energy Inc. Vancouver, BC

Prepared by: Bob Coote, Coote Engineering




Banff Pipeline Workshop Application of GIS Tutorial

The Application of GIS Technologies to Integrity Management
Bruce Dupuis, Baseline Technologies Inc., Calgary

Food for Thought and Lessons Leamed

GIS (Geographic Information System) should be thought of as functionality rather than
necessarily an application. In essence GIS represents a map-based interface to a database. There
are various levels of implementation of this functionality, these include:

¢ Image/document management

* Visualization tool to identify the spatial relationship of data and to locate data in space

* Spatial Analysis
What is particular to the application of GIS to pipelines is the consideration of chainage or the
distance measure along the contour of the pipeline (how much pipe is in the ground from point A
to point B). It is important to note that the GIS functionality is but one element of an effective
data management solution for pipeline integrity, Unfortunately, a broad scope of other
functionality has historically fallen under the umbrella of a GIS project. Aside from the general
confusion this leads too, it also facilitates scope and cost creep as well as misplaced expectation,
GIS functionality is not the silver bullet, but it is an effective and important piece of the puzzle,

One key functionality of a GIS is the capability to handle and derive GPS coordinates in an
fficient and robust manner. However, this can lead to a misuse and over dependence of GPS

The GIS functionality associated with an Integrity data management solution can be implement a
number of different means within a single organization depending on the use and deployment
situations. The bulk of your integrity management needs may be fulfilled by a broader
application of which GIS functionality is but one element, but this does not preclude the use of a
separate GIS application to perform higher-leve] spatial analysis and modeling. In the same way
you may utilize a separate risk management application. This “best of breed” approach assumes
the underlying data structures are open and accessible.

Pipeline Database Models

Even though these database standards exist very few companies have been able to implement
them in unadulterated manner because of their rigidity, non-conformance with existing in-house
database structures, or for embedding spatial relationships in the database,

Bruce Dupuis, Baseline Technologies Tnc. 1




Banff Pipeline Workshop Application of GIS Tutorial

Benefits and detriments of existing pipeline database models will be addressed followed by a
demonstration of a spatial implementation of the PODS database.

Overlay Errors in GIS

GIS is a powerful tool for analysis but most users are unaware of the errors that can easily
propagate though various analyses. These errors occur, primarily, because GIS has made it too
easy to combine data captured at varying scales and resolutions into one product. But is this the
fault of the technology or an awareness issue with the user?

Presentation will cover a brief discussion on map scale, resolution, and data quality measures.
Examples of map accounting for overlay errors will be shown along with a demonstration of how

data quality can affect analysis output.

The Need for Metadata

Metadata is often defined as data about data. While this is a good high-level definition it glosses
over some of the finer details and business reasons for its use. Metadata is better defined as the
information or documentation that describes content, quality, condition, and other characteristics
of data. With this definition in mind it, metadata is a tool that enables a company to better utilize
data. Metadata enables companies to:

= Search and find data sources

= Document data for posterity

= Share data with other organizations.

Several standards exist for collecting Metadata but the one standard that has come to the
forefront is the Federal Geographic Data Committee (FGDC). This is quickly becoming the
North American metadata standard for government agencies and data clearinghouses.

Field Data Collection During Construction

Tracking of pipe materials during construction has become a best practice for many transmission
companies. Recording and understanding metallurgy during construction can ease the task
pipeline integrity during operations. There have been many efforts made to track pipe materials
during construction all with varying levels of success and shortcomings.

Discussion will center on three common data collection methods used:

»  Paper based,
» Barcodes and handheld computers,
» Barcodes, handheld computers, and GPS,

Issues and advantages of each method will be discussed and a demonstration of data use will be
given.

Bruce Dupuis, Baseiine Technologies Inc. 2
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Banff 2001 Pipeline Workshop Opening Plenary ~ Pipeline Safety

Pipeline Safety: Technology and Communication
Jim Dilay, Board Member
Alberta Energy and Utilities Board

Thank you for inviting me to the 2001 Banff Pipeline Workshop. CANMET and
especially Winston should be congratulated on putting together what I believe will be another
very successful workshop. This is the sixth workshop to be held since the first in 1993 and this
venue has become known as an important and unique opportunity for pipeline issues to be
discussed and resolved. This workshop is a clear example of the pipeline industry, pipeline
engineering firms and pipeline regulators cooperatively working together to identify and resolve

issues of the day,

To briefly acquaint those of you who may be attending from other countries, Canada's
pipeline industry is regulated by a number of distinct agencies. Canada's National Energy Board
is responsible for the regulation of interprovincial and international pipelines, and each province
has its own regulatory body that is responsible for the regulation of intra-province pipelines. In
Alberta, the Energy and Utilities Board (EUB) regulates the almost 300,000 km (186,000 mi) of
pipelines wholly within Alberta. These pipelines include everything from the biggest natural gas
transmission pipelines to the smallest production gathering pipelines, and everything in between.
EUB-regulated pipelines transport a wide variety of products, not only natural gas and oil, but
also ethane, propane, butane, pentanes plus, refined products, hydrogen, sulfur, produced water
and ammonia - plus all the varieties of product mixtures that come out of the approximately
100,000 producing wells we have here in the province. Our pipelines are located everywhere: in
the generally unpopulated areas of Northwest Alberta; the grass lands of Southern Alberta;
agricultural heartland; forestry preserves; rural, suburban, and even urban areas. This variety
and quantity of pipelines gives the EUB a unique perspective on the issues facing the pipeline
industry. The issues themselves are not unique, they are similar to those in British Columbia,
Saskatchewan, and other parts of Canada, but in Canada the density of pipeline development is
currently the highest in Alberta. This is of course to be expected as Alberta currently produces

the majority of Canada’s oil and gas.

In a few moments, I will briefly discuss two key issues, and challenge you to consider
them in your workshop sessions, to come up with new and creative ways to resolve those issues
in ways that would not only ensure public safety, and environmental protection, but which will
also be sound from economic and orderly development perspectives. By way of introduction
though, let's first consider some good news and. .. ... some bad news.

The good news is that pipelines continue to be the safest way to transport the large
volumes of product the long distances necessary to get them to market, Let’s have a brief look at
the importance and significance of pipelines in terms of products that are moved. In a year, more
than 170 billion cubic metres (6 trillion cubic feet) of natural gas are produced from Canadian

Jum Dilay, Alberta Energy & Utilities Board lofé




Banff 2001 Pipeline Workshop Opening Plenary - Pipeline Safety

wells. This is enough gas to provide heating for over 30 million homes. Each year, more than
150 million cubic metres of hydrocarbon liquids (945 million barrels) are produced. Every day,
Canadian pipelines deliver hydrocarbon liquids equal to more than 10,000 double tanker
truckloads. Without pipelines, how would you effectively and safely deliver those products, and
at what cost to the environment and the public?

In Alberta, it is a regulatory requirement that all pipeline failures, no matter how small,
are reported to the EUB. Failure is defined as any release of product, whether from a pinhole leak
or anything up to a total rupture, regardless of location, volume, or product type. The requirement
to report every failure, along with the abundance of pipelines regulated by the EUB and the
variety of products transported - many of which are highly corrosive - results in over 800 pipeline
failures being reported to the EUB annually.

In general terms, we have found:

* Over 90% of failures are on small diameter, small volume gathering system pipelines,
168.3-mm (6-inch) diameter and smaller.
About 87% of the failures are leaks, resulting in small losses of product.
About 74% of the failures are due to internal and external corrosion.

In its fiscal year 1999/2000, the EUB conducted Operations Inspections of 69 companies and
inspected 376 different pipeline systems to check their ongoing operations and maintenance
programs. The EUB currently has more than 900 pipeline operators on record. Selection of
inspection candidates is done taking into account the operator history, site sensitivity, and
inherent risk of the operation. The EUB classifies unsatisfactory results into one of three
categories:

e Minor, which are small deficiencies;
Major, which are deficiencies that are having adverse impact or have potential to cause
adverse impact;

* and Serious, which are incidents where total disregard for regulations and requirements
has occurred and from which adverse impact is occurring or has the potential to occur.

None of the Operations Inspections resulted in a “serious unsatisfactory” rating. The
overwhelming majority of recorded unsatisfactory items were minor in nature.

You will note that, despite the relatively high number of reported failures, we believe that the
consequences of pipeline failures have been usually remediated quickly. The EUB is currently
working with the Canadian Association of Petroleum Producers to develop a method to better
record and assess the consequences of pipeline failures. From the failure and operations
inspection information, there seems to be a positive record of performance. But could this record
be interpreted differently? What about public response to pipeline development? This is what
could be considered to be the Bad News - a perception by the public that pipelines are becoming

Jim Dilay, Alberta Energy & Utilities Board 2ofé
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unsafe - and this is one of the things that we are here to make improvements upon. So why is the
public becoming more concerned about pipelines?

First, oil and gas development and related development of facilities is significantly increasing
in Alberta and elsewhere, For example, in 1992, the EUB issued a little over 4300 dnlling

issued over 18 000 well licenses! The amount of pipeline activity resulting from increasing
levels of drilling increases proportionally.

Second, with increased resource development in Alberta and in Canada, it is inevitable that
more petroleum development is occurring near human habitation. At the same time, the human
population of the province is growing. Census figures tell us that the population of Alberta has
increased by one million people in the last 12 years. Pipelines are encroaching on an increasing
number of people, and indeed people are encroaching on pipelines. This encroachment brings an
increased real and perceived risk to people. As well, consider for a moment that about one third
(46 billion cubic metres per year) of Alberta’s gas production is from sour sources, meaning gas
with a H,8 content of greater than 1%. This is likely to increase in the future.

Third, the public is demanding greater safety measures, less risk, and has become
increasingly intolerant of environmental and safety incidents. The ability to quickly and easily

So, the net result is that the public is starting to feel uncomfortable about pipelines. They
demand better pipeline performance; especially since oil and gas development is interfering with
other uses of their land. Pipelines bring with them setback requirements and land development
restrictions, both of which provide no compensation.

They look at the same statistics from the pipeline failures that we have previously discussed, but
come o very different conclusions! Some are shocked that there are almost three pipeline
failures per day in Alberta! Some suggest that as the pipelines are getting older, they must be
also becoming unsafe!

As more people are living close to pipelines, some of them are choosing to participate
actively in the consultation processes o ensure that their concemns are heard. Some feel they need
to actively participate, as they don't trust the industry and regulators to resolve the issues. These

Jim Dilay, Alberta Energy & Utilities Board Jofe
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So this leads us to the two key issues I mentioned a few moments ago, and that I hope can
be discussed in later sessions to see what recommendations might be found. These are:

1. How do we Ensure the Safety of Pipelines?
2. How do we Make Pipelines Acceptable to the Community?

The sessions in the workshop intend to discuss both of these issues, not only from the
technical aspects of design, operation and maintenance, but also the public perception aspect.
Both are very important.

1. How do we ensure the safety of pipelines?

Ensuring pipeline safety involves many technical considerations. All of us here deal with
these in some manner. The considerations necessary to get a pipeline approved, built and
operating are commontly understood; issues like design, construction, operation and maintenance.
For new pipelines this should be relatively straight forward, however, how extensively have you
considered the long-term issues? Did you consider the corrosion mitigation and monitoring
aspects during the design of the pipeline? What could you do differently during the design and
construction stage to make the operation of the pipeline easier? How will you ensure that the
proper techniques are used for pipeline construction? Do you have a documented operations and
maintenance program BEFORE the start of operation to ensure that pipeline is operated safely
and does not experience failures? Do you have a program in place to monitor pipeline integrity
that will ensure that you know the condition of the pipeline and can deal with operational
conditions BEFORE they could lead to a failure? Will you have proper documentation in place
for materials, design, construction and operation of the pipeline? EUB Operations Inspections
have shown that the majority of minor unsatisfactory items are related to record keeping.

With increasing drilling activity, consolidation of fields and the concern about well flaring,
there is more demand to use existing pipelines. This may result in changes to the existing
pipelines, such as using pipelines that have been discontinued from service or even abandoned, to
re-certifying pipelines to higher operating pressures, or to carry different products. All of these
modifications have unique safety considerations that must be thoroughly assessed before a
decision is made to proceed. Would it be possible to develop specific standard requirements to
ensure that the changes are done safely?

With oil and gas activity being closer to where people live, there is increased potential for
third party damage to pipelines. What precautions or processes could be implemented to protect
the pipelines from damage?

This 1s just a small sample of the questions that the public has about the safety of pipelines.
The workshop sessions will hopefully touch on many of these technical questions and I challenge
you to look for solutions that would increase your confidence, and public confidence, in the
safety of the pipelines.

Jim Dilay, Alberta Energy & Utilities Board 4of6
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2. How do we Make Pipelines Acceptable to the Community?

There are some obstacles that make clear communication of pipeline safety difficult. One
is that there are many different data sources on pipeline safety, but each collects and presents the
information in a different way. This makes comparison of the results difficult if not impossible
and raises questions about the validity of the results.

Environmental and safety consequences of fajlures are not clearly documented. It is
difficult to consistently assess the consequences in such a way that the public would accept the

results.

near people or environmentally sensitive areas and how do you share the knowledge with the
public? How do you influence how incidents might be reported in the media?

These questions must be considered along with the questions about ensuring pipeline
safety. The process will not be a complete success unless both aspects are addressed.

In conclusion ...

The EUB has a number of initiatives in place to address pipeline safety and provide
information that can hopefully alter the perception the public has about pipeline safety:

* The EUBis developing a pipeline inspection manual and corrosion guide to ensure that
inspections are conducted consistently, that compliance with requirements is correctly
assessed, and that pipeline corrosion is managed.

¢ The EUBis expanding the field surveillance program fo re-establish public confidence in
the inspection program. The EUB hired new qualified inspection staff and has a program
to increase inspection staff by 30 people over the next 4 years,

* The EUB has received valuable comments regarding the way it has collected and reported
its annual pipeline statistics, and will endeavor in future to improve the ways it presents
these statistics to achieve greater clarity.

Jim Dilay, Alberta Energy & Utilities Board Sof6
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* By Apnil 2002, the EUB will review High Vapour Pressure pipeline safety and integrity
requirements with extemnal stakeholders, and identify and incorporate any necessary
measures needed to assure public safety.

* The EUB is conducting Open Houses in communities around Alberta to directly interact
with the public and to provide opportunity for sharing of information on issues specific to
the area, including pipelines. If requested by the community, the EUB participates in
public meetings to discuss and address issues about proposed and existing pipelines.

* Late last year, the EUB received the final report and recommendations of the Provincial
Advisory Committee on Public Safety and Sour Gas. Some of the recommendations
pertain to pipelines. A number of actions have already been taken by the EUB to address
some of the recommendations. A documented plan identifying actions for each of the 87
recommendations will be made public this month.

The pipeline operators, designers and regulators must work toward a common understanding
of the pipeline safety issues and then work together to resolve the issues and to make sure that
the public has confidence in pipelines. Pipelines must be safe AND they must be understood by
the public to be safe!

This cooperation between the pipeline operators, engineering staff, and regulators to come up
with solutions to important issues is what makes this workshop unique. I challenge you to apply
your creativity to devise new and productive ways to resolve the pipeline safety issues facing us
today, and ensure a cooperative, productive working relationship between industry and the
citizens of Alberta, as well as Canada, for future resource development.

Thank you very much for your attention and I wish you a very successful and productive
workshop.

Jim Dilay, Albertz Energy & Utilities Board §aof 6
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Length of Pipelines In Alberta
at end of 2000, km {miles)

* Total: 294,000 km (183,000 mi}
{aHl pumbers arerounded)

*Crude Qit 17,500 {19,500}
*Nat ural Gas 173,800 {107,500
*8 our Gas 15,000 {8,300)
*“Wat er 18,500 {11,500
Muitipha se 48,000 {28,800)
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KUMBER OF FAILURES

Pipeline Failures, by Cause
1980-1997 inclusive,
12328 operating failures
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Alberta Pipeline Faliures

*+ Qver 90% of failures occur on 168.3 mm
diameter and smaller pipelines

* About 87% of the failures are leaks

+ About 74% of the annual failures are due
to internal and external corrosion

* There are over 960 pipeline operators in
Alberta
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Frequency of Pipeline Fallures
Operating Failures - Ali Causes
1980 - 1997 inclusive
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Pipeline Operational Inspection

* Inspecticn selaction is dons by considering:
~ Operator History, Site Sensitivity, and inherent
Risk
+ Unsafistactory results rated into three types:
- Minor: smail deficiencies
~ Major: deficiencies having adverse impact or have
the potantial to cause adverse impact
-~ § daii s having total distegard for
regulations and requirements and from which
adverse impact is occurring or has potential to
acour
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@ Increasing Resource Development

* In 1982, the EUB issued 4300+ drilling
lcenses

* In 1987, the EUB issued 13,000 drilling
ficenses

« in fiscal year 2000-2001, the EUB issued
over 18,000 drilling licenses

* With more drilling, we will have more
pipelinas!
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éi Increasing Population

-

in the last 12 years, the population of
Alberta has increased by One Million
psople

+ Peopie are moving to rural residential
aroas

* Pipelinas are encroaching on people
+ Paopie are encroaching on pipelines
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@% Why are People Concerned?

* Rapid access to information - better
informed

* High profilte catastrophic failures in other
parts of North America

+ Land Development Restrictions
« Setback Requirements

* No Ongoing Compensation

+ Aging of the Infrastructure

Aged B-12, 2001 Rkt 200 Figpaliony W ortabep Stde &

What are the Two Key Issues?

* How do we Ensure the Safety of
Pipsiines?

* How do we Make Pipelines Acceptable to
the Community?
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How Do We Ensure the Safety of
Pipelines?

* Proper design, with due consideration to
long-term use

« Proper construction

* Proper operation, maintenance, and
monitoring

* Proper evaluation of operational changes

* Controt of Third-Party Damage

Ak $-12, 21 Barst JO51 Prgpain W nthiabine Sinbn 11

) How Do We Make Pipelines Acceptable
s To The Community?
* Must satisfy people that pipelines are safe

+ Ensure statistical data collected Is compatible

+ Document environmaental and safety
consequences of faijures

- Ensure that media reports in an objective
manner
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EUB initiatives to Address Pipeline

Safety, and Public Understanding The Key Message:

* Pipeling Inspection Manual and Corrosion
follow.up guide
¢« Expanslon of the Fiald Surveillance Program

- Revision of the way stati ltectsd .
osanred |0 way statistics are collected and * Pipelines must be safe AND they

presented
* Review of HVP pipeline safety for 2002 must be understood to be safe!

Qpen house mestings to address public
concerns

Adoption of recommendations of the Provincial
Advisory Committee on Public Safety and Sour
Gas
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Trends in the Pipeline Industry-Plenary Session

NEW TRENDS IN PIPELINE TECHNOLOGY

S. J. Wuori, President, Enbridge Pipelines Inc.
R. A Hill, President, Canadign Energy Pipeline Association
M. A. Powell, Chief Executive, PII Group Limited
E. Glynn Jones, Bechtel FPipeline

Abstract. The technology applied to pipeline s

ystems has evolved significantly over the past 30 years.

During that time, societal attitudes and expectations toward energy development have also changed

INTRODUCTION

The pipeline mdustry has experienced many
changes over a short period of time, and change
will be a constant well into the new millennium,
One of the primary drivers of change is declining
productivity in established sedimentary basins,
such as the Western Canadian Sedimentary Basin.
This has compelled the oi] and 2as industry to find
innovative ways to reduce the incremental cost of
production, and to look to frontier areas for new
production. This in turn puts pressure on pipeline
operators to lower transportation costs so shippers
can remain competitive with other energy supply
sources. At the same time, aging pipeline systems
are incurring higher maintenance and operating
costs to meet rigid safety and reliability standards.
Compounding this trend, public expectations are
rising to reduce the effects of pipeline construction
and operation on the local community and
environment.

While practices in pipeline design and
operations continue to improve technologically, the
public’s expectation is often one of “zero
tolerance™ for errors that result in accidents or
spills.  Despite  great improvements  in
environmental assessments, construction and
restoration practices, and reductions of some 50 to
70% in pipeline spills over the last few decades,’
an atmosphere of public opposition is increasingly
apparent. This atmosphere of public resistance is
becoming more common, manifested as opposition
to new pipeline siting,’ pipe rehabilitation® or
expansion, route acquisition, and even opposition
to the pipeline resuming operations after an
accident.*

Bob Hill, Canadian Energy Pipeline Association

OPERATION and MAINTENANCE
1.1. Risk Management

Faced with rising expectations from the public
and regulators combined with pressure to reduce
costs from shippers, it’s apparent that the
international pipeline community must make safety
performance a top priority while ensuring that
spending on safety is directed to where it will have
the greatest effect. Risk management programs are
designed to fulfill this need.

Risk management, which includes risk
analysis, helps decision-makers identify and
prioritize effective risk reduction measures. It
requires detailed reviews of operations and
maintenance, and an estimation of the probability
and consequences of various failures. Several new
software tools are available that integrate data from
matly sources to provide the framework for a risk
model. Fumnished with adequate data and
continually updated, the computer software can
generate an analytical overview to help pinpoint
sources of risk that may go unrecognized in
management systems that are based only on
regulatory compliance.

Pipeline operators in the United Kingdom and
France have used risk analysis for several years to
assess the need for pipeline diversions, proximity
infringements and uprating. In the Inited
Kingdom, the new Pipelines Safety Regulations
support the development of risk analysis programs.
In the USA, the Accountable Pipeline Safety and
Parmership Act law provides a framework for the
Office  of Pipeline Safety to establish
demonstration projects using risk management
programs. Under these projects, companies are
given some relief from government regulations if
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they can demonstrate that their risk management
plans provide an equivalent level of safety.
Australia, Western Europe and other countries are
also moving in this direction.

Clearly, risk management may be the single
best method for the pipeline industry to address
public safety and environmental concerns while
managing expectations of greater efficiencies and
cost contrel,

1.2. SCADA Data Analysis

Most pipeline companies now use supervisory
control and data acquisition (SCADA) systems to
remotely operate and monitor their pipelines. A
centralized SCADA system is an economical
method to control not only the operation of a
pipeline within a predetermined set of parameters,
but also to capture data for further analysis.

Traditionally, SCADA data has been archived
only to meet regulatory requirements for pipeline
operational history in case of an incident.
Increasingly, datz from the SCADA system and
other data from field locations constitute a wealth
of information useful for analyzing all aspects of
the pipeline operation.

By combining historical information with
powerful data analysis software tools, engineers
can scrutinize the operation of the pipeline in terms
of power consurmption, equipment performance,
maintenance scheduling, pressure cycling and
product quality. For example, data mining of
archived SCADA data could be used to benchmark
operator performance by how efficiently they
operate a pipeline based on throughput versus
energy. In doing so, patterns of “best” operation
may be discerned that could be used to improve the
performance of all operators or to find patterns that
minimize energy use.

Electrical energy is typically the single largest
cost of liquids pipeline operation. The combination
of (a} the amount of electricity used, (b} the
uncertainty of prices due to electrical deregulation
and (c) the increasing pressure to reduce costs,
presents a significant challenge to pipeline
companies. The capability of a SCADA system to
respond to the ever-increasing demands of energy
management makes it one of the most powerful
tools for managing energy costs.

Since data acquisition and analysis are key to
managing power costs, an effective energy
management strategy begins with accurate data
collection, Comprehensive data amalysis gives
pipeline companies the confidence to evaluate all
the potential rate structures, and to negotiate a

Bob Hill, Canadian Energy Pipeline Association
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customized power supply contract that better suits
their operational and cost control needs. The result
of proceeding without a complete understanding of
the pipeline’s power usage profile is to either incur
a cost premium associated with a more
conservative power contract, or to be exposed to an
unreasonable amount of rsk when a more
aggressive contract is chosen.

Technical roadblocks to this type of operation
no longer exist. Knowledge based expert systems
and data mining software are now usable by a
wider audience, rather than confined to highly
trained application experts, Expert systems, or
artificial intelligence, are developed by encoding
expertise into “rules”, which provide guidance or
act as tools for the user. In the simplest
applications, a user will query the expert system
and be given procedures or suggestions as to how
an expert might respond in the same circurmnstances.
In more sophisticated applications, the expert
system wil examine the data, e.g., real-time
SCADA data, and recommend a “best” course of
action without a request from the user.

The operation of a pipeline is an ideal
application for expert systems, and the SCADA
data source is ideal for data mining. Today,
pipeline companies are recognizing that there is
value in looking at SCADA information using
analytical techniques.

1.3. Leak Detection

Early recognition of a pipeline leak is critical
to protect the public and the environment, and to
preserve the company’s credibility. Computational
pipeline monitoring refers to methods used for
detecting pipeline anomalies (which may be caused
by a leak) through software algorithms that are fed
SCADA data (flows, volumes, pressures,
temperatures valve status). Because these systems
depend on a large number of data points, and
considering the complexity of pipeline hydraulics,
it 1s often difficult for a pipeline controller to
analyze the alarms and determine the cause with
certainty. While simple rules or procedures can be
imparted to the pipeline controller through training,
the expertise of both the software developer and
the pipeline controllers is sometimes necessary to
determine the reason for an alarm. Recent advances
allow an expert system to (a) look at the incoming
data and the system outputs, (b) consider the
encoded expertise of the application developer and
the best pipeline controller, then (c) offer the
controller immediate guidance.’
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While the expert system could be programmed
to act automatically, it will more likely remain a
sophisticated tool to assist the pipeline controller.
To improve the expert system, data mining and
analysis of archived data should be ongoing, so
that the system can become “smarter” over fime, In
this way, the thresholds of computational pipeline
mounitoring system alarms can be tightened, and the
“advice” offered will become increasingly reliable.

1.4. Electronic Flow Measurement
and Automated Operations

Not long ago, tank gauging or meters that
recorded observed volume were used for custody
transfer, and corrections for temperature/pressure
were manually calculated, In the early 1980°s, flow
computers revolutionized this process. Flow
computers use meter pulses and fluid property data
(temperature, pressure and density) to caleulate
corrected volume, providing timely and accurate
measurement while eliminating the possibility of
human error within the correction calculations,

Since their introduction, flow computers have
been linked to a number of systems that require
custody transfer information. These include leak
detection systems, inventory-tracking systems,
batch tracking systems, and customers who require
real-time  information (accumulating volume,
temperature, pressure, density, etc.).

In addition, flow computers now control
peripheral equipment, including valves, samplers,
etc., and receive non-measurement related signals
such as gas detection alarms, man-on-site alarms,
etc. These additions allow the flow cotnputer to be
used for all operational and SCADA requirements
of a metering site.

The present trend within the pipeline industry
Is to maintain accurate flow measurement while
streamlining the current processes for distributing
this internally and externally. This is due to the
ongoing goal of increasing operational efficiencies,
and the customer’s requirement for quicker/easier
access 1o custody transfer information,

In the future, a common server will poll all
flow computers along the pipeline. As injections
and deliveries are terminated, batch information
will be electronically fransferred to the server and
subsequently to a local database, which will store
this custody transfer information, Various
departments will be able to access the database,
and ad-hoc reports will be available while
eliminating the possibility of re-entry errors.
Customers will have the option of viewing,
approving and printing their tickets online, As well,

Bob Hill, Canadian Energy Pipeiine Association

Trends in the Pipeline Industry-Plenary Session

they may print the custody transfer information to a
file, then easily transfer it nto  their
database/spreadsheet, thereby eliminating errors
from manually re-entering the data,

PG&E Gas Transmission has recently made
similar advancements to their electronic flow
measurement  system. Many of their flow
computers are now polled to a central location,
which allows measurement information to be more
readily assessable, and shortens measuremernt
cycles from a monthly to a daily (and soon perhaps
hourly) cycle ®

Improved communication technology, such as
wide area networks, will move the pipeline
industry closer to a totally automated system.
Custody transfer information will be transferred
electronically, accounting and comrnodity tracking
systems will become further automated and precise
and, possibly, measurement audits will be
corapleted “online”,

1.5. Inline Inspection Tools

As the global pipeline infrastructure ages,
there is increasing focus on technologies that allow
pipelines to be operated safely and efficiently.
These technologies, especially in the area of inline
inspection (commonly known as “smart pigging”)
are now used by the vast majority of pipeline
operators throughout the world to ensure security
of supply for the world’s hydrocarbons, and to
extend the design life of over two million miles of
high pressure pipeline—an expensive and vital
asset.

When initially constructed, many pipelines had
an economic design life of 20 to 40 years. In many
instances, replacing these pipelines at the end of
their design life is impossible. New techaiques
have been developed to keep pipelines in prime
condition well beyond their originally planned life
cycle. For example, years of research and
development work have resulted in highly
sophisticated inspection tools that have improved
the ability to accurately determine the condition of
pipelines,

Determining the condition of pipelines means
not only identifying potential failure mechanisms,
but also detecting such mechanisms long before
they pose a threat to the integrity of the line. At the
same time the tools must be accurate enough 1o
allow pipeline engineers to discrimirate among
defects that may not be significant, thereby
allowing optimization of rmaintenance and
rehabilitation activity.
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Inline geometry and metal loss tools have
progressed significantly since the first prototypes
were run well over 25 years ago. Since then, inline
inspection has developed and matured into one of
the most important technologies for preserving
pipeline assets worldwide.” In the late 1990s, the
pipeline industry witnessed and benefited from the
addition of new inline inspection tools that can
detect narrow axial external corrosion, cracks,
swess corrosion cracking and other formerly
indistinguishable pipeline defects.

With today’s geometry inspection tools, the
location and severity of pipeline dents, buckles,
wrinkles and bending strain all can be measured to
a very high degree of accuracy. In addition, the
same tools now provide pipeline operators with
three-dimensional geographic information via
inertial navigation and sonar caliper measurements.
Centerline axial data and internal cross-sectional
details can be obtained in a single inspection run,
allowing operators to determine the presence and
dynamics of slope instability, subsidence,
overburden, frost heave (common in the northern
regions of Canada), free spanning, and changes in
river crossings, over burden, temperature and
pressure,

While magnetic flux leakage (MFL) is the
oldest and most established iechnique for corrosion
detection and measurement, in recent years
ultrasonic technologies have emerged as a more
accurate means of locating and quantifying defects.
Commitment to R&D by the tool vendors has
eliminated many of the earlier problems associated
with ultrasonics, and the industry now has the
benefit of inspection tools that provide extremely
accurate direct measurement of not only defects,
but also the thickness of the remaining wall.
Ultrasound technology can also detect and
differentiate among such other important features
as laminations, inclusions, blisters, longitudinal
channeling and narrow axial external corrosion.®
With the ability to accurately classify defects, the
operator can focus on the more severe defects and
develop the most appropriate repair program.

Ultrasonic technique has been particularly
effective in refined products pipelines, and the
fundamental nature of this technology presently
limits its application to lines carrying liquids.
Several vendors are working on the challenges of
deploying ultrasonics in a high-pressure gas
medium.  These projects require significant
scientific Tesearch, in many cases in association
with universities and technical research institutions
worldwide.

Bob Hill, Canadian Energy Pipeline Association
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Despite the success of MFL and other
technology in qualitative and quantitative detection
of corrosion and metal loss, the need to detect
cracks at an early stage is still a serious challenge
for pipeline operators. In response, inline
inspection tools have been developed specifically
to detect cracks. These tools, used successfully in
several commercial inspection runs, allow a
complete pipeline inspection with the entire
circumference of the pipe scanned in a single run,
with detection sensitivity for cracks and crack-like
defects of 30 mm in length and of | mm in depth.’
Due to industry collaboration and other
developmental work, new tools are being
developed and tested that could soon be used to
inspect and detect varying crack-like defects.
Included are the PII tool employing transverse field
inspection (TFI) technology and the elastic wave
(EW) inline crack detection vehicle.'® As well, the
French pipeline operating company, TRAPIL, has
developed and tested a transverse MFL tool with
the capability to detect stress corrosion cracks,

In combination with other existing and
emerging technologies for inline inspection, and
with ongoing improvement and further
development, these tools will allow pipeline
operators to address many integrity issues affecting
their pipelines in the years to come. In the near
future, demand from pipeline operators will likely
lead to the development of multifunctional
inspection tools that have the capability to detect
corrosion, stress corrosion cracking (SCC), dents,
cracks, etc. during a single run, which will further
reduce operating costs. Another likely development
will be to miniaturize today’s inline tools to
provide operators of small-diameter pipelines
(1683 mm, 3239 mm, etc) with the same
capability, i.e., crack detection, that exists for
larger lines.

1.6. GIS (Geographic information
Systems)

The development of increasingly sensitive and
reliable inline inspection tools is, however, only
one of the advances in pipeline integriry
technology. Inspection vendors and pipeline
companies have invested a great deal of effort into
the analysis of increasingly large amounts of data.
This data must be handled in a way that is cost and
time effective, and must produce results that are
“user friendly” if it is to be of maximum value to
the pipeline operator. For example, to effectively
use the information generated by inline inspection
tools as a basis for a risk management system,
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appropriate software is needed that handles the full
amount of data and integrates it with other relevant
data gathered by the pipeline company. For nmany
pipeline companies, a geographic information
system (GIS) is the solution to this need.

GIS are specialty databases for storing,
retrieving, manipulating, analyzing and displaying
geographically referenced data, Le., data identified
according to their locations. The software
combines common databage operations such as
query and statistical analysis with the unique
visualization and geographic analysis benefits
offered by maps. Mainline pipeline companies are
Joining distribution Companies in furning to GIS to
help map, monitor, and analyze data involving
transmission facilities.!' A GIS can contain all the
information needed for right of way management
and taxation, adjacent landowners information,
survey data, emergency response plans, and
situation reports for the pipe. The situation report
can include centerline location and pipe condition,
planning data for future inspections, e.g., inline
inspection, cathodic protection, maintenance digs,
and records of repairs and modifications. Records
can include text, pictures, and any other digitized
information. Data from inline inspections will
autornatically be read into the system, keeping it
up-to-date. As well, alignment sheets can be
generated quickly and accurately, reflecting current
database information.

During the past decade, GIS technology has
progressed from a system with potential to present
day applications that provide a cost-effective
operational and economic toal affecting virtually
every aspect of the pipeline industry, from groj ect
planning  through facility operations.” GIS
technology is particularly advantageous for larger
and more complicated pipelines systems that need
to manage proportionate amounts of data,

In the future, GIS techmology will provide
Improvements in efficiency, reliability, safety and
risk management, By integrating GIS, Global
Positioning Satellites (GPS), LEOs (low earth
orbiting satellite), digital mapping software and
portable computing power, along with new ways to
communicate information visually, GIS will open
Up new opportunities for the pipeline mdustry to
streamline and lower operating costs.

1.7. Satellite Technology used to
Monitor Corrosion

Sateilite communications provide a valuable
service to the oil industry, particularly in remote
regions. For the pipeline industry, the need for

Bob Hill, Canadian Energy Pipeline Association
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communication alternatives has always been an
issue, since field facilities often lie outside the
range of wireline communication, and pipeline
corridors can extend thousands of kilometers,

Recently, satellite technology has been
extended to monitor internal corrosion of il
pipelines. For example, Enbridge Pipelines Inc. is
now combining LEOs (low earth orbiting satellite)
technology with the use of hydrogen flux foils
(beta foils) to monitor intemal corrosion activity in
the more remote locations of its pipeline system.
The company has used beta foil technology since
1995 for detecting and monitoring  internal
corrosion. This technology measures external
hydrogen flux generated by internal corrosion
activity, which generates atomic hydrogen atoms, ™
The hydrogen atoms in turn migrate through the
pipe steel wall to the outside where they recombine
to form molecular hydrogen gas (H,). Depending
on the level of internal corrosion, the hydrogen
evolution detected by the hydrogen flux foil will
indicate whether internal corrasion activity is high,
low or nonexistent,

Field personnel routinely take readings in
accessible areas, but some of the installation
locations are in remote areas or not readily
accessible, In such areas, beta foil readings are
recorded by an above ground instrument, usually
powered by solar panels. The data is transmitted to
the LEO satellite and relayed back to global
operation centers, where it is decoded, organized
and transmitted back to the pipeline company,
allowing personnel to monitor internal pipeline
conditions regularly in remote areas without further
expense.”

The pipeline industry will not have to fook oo
far into the future before LEO and GIS
technologies provide real time corrosion
monitoring of pipelines and real time surveillance
of existing pipelines corridors.

2. DESIGN and CONSTRUCTION
2.1. High Strength Steeis

Technological advances in steel-making have
resulted in the availability of new materials for
pipeline construction. This began over 25 years
ago with the development of thermo-mechanical
rolling practices that brought high strength stee} to
the pipeline industry. In the early 1970%s, Grade X-
70 steel was used for the first time in a gas
pipeline. As satisfactory experiences with X-70 led
to its acceptance, during the 1990°s Grade X-80
steel started to become widely used in large
diameter, high pressure gas pipelines. In Canada
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for example, TransCanada PipeLines used X-80
pipe for over 300 km of large-diameter pipelines.'®

More recently, X-100 grades have been
achieved through further refinement of the
manufacturing processes and are under assessment
for future projects. Trial lengths of Grade X-100
pipe have be¢n produced and subjected to
extensive testing by some major pipe producers
and operators. Since 1995, Shell, British Petroleum
and British Gas have been jointly researching the
implications of using Grade X-100 grade materia}
for design, comstruction and operation."” Further
work is being done in the area of facture
propagation control, which is a concern of pipeline
designers when high operating pressures are
involved.

2.2, Automated Ultrasonic Testing

Weldability has historically been 2 concemn
when high strength steels are used in pipeline
construction. Mechanized gas metal arc welding
(GMAW) has become widely used in large
diameter pipeline construction, usually in
conjunction with automated ultrasonic testing
{(AUT) and an alternative defect assessment
standard based on engineering critical acceptance,
The recently constructed Alliance Pipeline saw the
first use of these technologies in the USA on a
major cross-country pipeline project.”

One of the past objections to mechanized
welding has been that a defect found in welds made
by the GMAW process—sidewall lack of fusion—
is often hard to find and to quantify using
conventional radiographic inspection. Extensive
nondestructive testing with radiography and
automated ultrasonics, coupled with the destructive
analysis of an array of defects typically generated
with mechanized welding processes, has resulted in
absolute confidence that AUT can detect all
relevant defects produced during mechanized
welding.'*

As well as a proven non-destructive
examination (NDE} technology, AUT has made the
transition to a viable process comirol method. Often
welding defects do not occur randomly, but are a
result of gradual malfunction or incorrect
parameter settings of the welding system. With the
resolving and accurate detection capabilities of
AUT, many welding problems can be prevented
before they cause weld repairs.

Increasing acceptance of automated welding
technology may open the door to homopolar
welding, a technology that allows a weld to be
made in seconds, with the resultant joint as strong

Bob Hill, Canadian Fnergy Pipeline Association
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in tension and as tough as the parent metal.
Industry participants in the Homopolar Pipeline
Welding Research Program, managed by the
University of Texas at Austin, have estimated that
savings of 20--30% on total project cost may be
possible, which could significantly change the
economics of developing a particular field.”

2.3. Composite Reinforced Line Pipe

Several manufacturers are developing an
interesting high strength material called composite
reinforced line pipe (CRLP). This technology uses
high strength fibre to reinforce a liner made of
conventional steel pipe.

In manufacturing CRLP, high strength
fibreglass is drawn through a proprietary resin,
which ensures long term protection of the glass
fibres, before it is wound in tension over the
external surface of a conventional steel pipe Huer,
The two components work together to carry the
applied load of a high pressure pipeline. This
technology is an  extension of the
ClockSpring3composite repair sleeve technology.

This new technology also has some
disadvantages. For example, longitudinal stresses
must be carried solely by the steel liner, which has
a reduced thickness compared to all-steel pipe.

2.4. Design Changes

Concurrent with the development of high
strength steels, pipelines are being designed to
operate at higher pressures using cost- and energy-
efficient purmnp and compressor stations. A typical
example of this trend is the Alliance Pipeline, a
2973 kam 33 billion natural gas pipeline extending
from northeastern British Columbia to Chicago,
Hiinois. This 914 nen and 1067 mm, Grade X-70
pipeline was designed to take advantage of high
operating pressure (12 000 kpa) and a rich gas
stream, which combine to allow 2 reduction in the
power required to compress gas along the pipeline.
In the United Kingdom, pipeline operators are
using new risk-based analytical methods to support
increased operating pressures for transmission
pipelines. This new approach was made possible
by changes made in 1996 to the Pipeline Safety
Regulations, which now are based on a modem,
goal-setting regime that requires operators to
demonstrate that risks arising from the operation of
a pipeline have been reduced to a level “as low as
reasonably practical.”

This new regulatory environment has allowed
pipeline companies such as British Gas to explore
higher operating pressure levels using a “limit
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states design” approach. By its simplest definition,
limit states design is a risk-based method that
incorporates the failure probability for segments of
the pipeline system. In some cases, British Gas hag
been able to safely uprate segmenis of their
transmission system from 7590 kpa to 8625 kpa
with no increase in risk. In 1999, 3 group of world-
leading pipeline engineering companies led by BG
Technology Iaunched a Joint industry project to
develop guidelines for applying the techniques now
being used by BG. This wil] provide an accepted
framework that will allow other pipeline operators
to achieve benefits including capacity increases,
maintenance reductions, life extension and reduced
construction costs. :

2.5. Slurry Pipelines

Slutry  pipelines  have provided safe
commercial transport for many commeodities since
the mid-1900's. Commodities that have been
successfully transported in slury form include
coal, iron sands and iron concentrate, copper
concentrate, phosphate concentrate, limestone, zinc
concentrate, and most recently, oil sand at the
Syncrude mine in northern Alberta, Eric Newell,
Syncrude CEO, says hydrotransport could be the
key technology for expansion of oilsands mining.”!

There are major deposits of shale oil and oil
sands worldwide, and shurry pipeline technology
can be applied to these materials as energy prices
mcrease. As well, large coal deposits worldwide
can be served by slury pipeline technology for
transport to market. The technology is current, with
the 439 km Black Mesa coal slurry pipeline, which
originates in Arizona, being in use since the early
1970°s.%

High density polyethylene (HDPE) liners,
which limit the potential for corrosion and wear in
slurry pipelines, have recently been applied in the
slurry pipeline industry. These liners are typically
used in high-pressure slurry service, 24 150 kpa
operating pressure being common.

Corrosion resistance requires a continuous
HDPE lined system to be an effective barrier
between the steel and the slurry. The liner is
applied by pulling the HDPE liner through a
diameter reduction unit into the line in confinuous
lengths up to one kilometer long. After insertion,
the liner expands ¢lose to its original diameter, and
“press fits” to the pipe wall.

Several other liner systems have been used
worldwide including rubber lining for tailings
applications, and polyurethane for highly abrasive
shurries,

Bob Hill, Canadian Energy Pipeline Association
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CONCLUSION

Change is inevitable, and nowhere is this
phrase more true than in the pipeline industry.
During the past several years, the industry has
undergone substantial change resuiting from highly
competitive market conditions, technological
developments, and rising regulatory and public
expectations,

The pipeline industry must apply its expertise
and technology 1o continue Improving
performance. Investment in internal inspection
technology, maintenance, and Inspection needs to
focus on leak prevention and swift detection as
well as efficient oil recovery, tfransportation and
refining. In addition, information management
capabilities must be tapped to allow each operator
to anmalyze and control risks on a more
comprehensive and cost-effective basis, Finally,
constructive,  proactive relationships ~ with
landowners, customers, communities and
governments must be maintained to ensure the
benefits of an efficient and safe pipeline
infrastructure are fully realized.

All players in the industry must take
responsibility for careful pipeline  siting,
environmental sensitivity, and performance
improvements.
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“New Trends in Pipeline Technology”
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New Trends in Pipeline Technology

- Presented at the World Petroleum Congress -
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Stephen Wuorn - Enbridge inc.
Robert A. Hil - CEPA

£ Giyn Jones - Bechie! Pipeline, USA
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Rapid Technological Change

Operation and Maintenance

+ Pressure on Costs

* Aging Pipeline Systems

+ Public and Regulatars have High
Expectations by - 0 Spil Tolerance

* Landowner Pressures

= Risk Management

* SCADA Data Analysis

* Leak Detection

* Electronic Flow Measurement and Automated
Operations

* Inline inspection Tools

* GiS (Geographic Information Systems)

+ Satellite Technology Used 1o Monitor Corrosion

Conclusion

* High Strength Steels

* Automated Ultrasonic Testing

+ Composile Reinforced Line Pipe
+ Design Changes

+ Slurry Fipeiines

« Change is inevitable
- Technology key to improving performance

Bob Hill, Canadian Energy Pipeline Association
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Working Group 1 - Issues for Managers in the Pipeline Industry
Tuesday, April 10, 2001, at 10:30 am.

Co-Chairs:  Walter Kresic - Enbnidge Pipelines Inc.
Dan King - TransCanada Pipelines Limited

Objective: To provide a forum for discussion and create an awareness of the various issues
facing today’s pipeline manager.

Overview: A presentation (attached) by the co-chairs provided the framework for discussion.
A collection of viewpoints expressed by workshop participants is presented
below. Key outcomes were summarized during the workshop and are presented
at the end of these notes:

A “straw poll” conducted at the beginning of the session indicated that approximately half of the
participants identified themselves as managers in the pipeline industry.

State of the Industry

Recent high profile pipeline incidents (Olympic Pipe Line, El Paso Natural Gas, etc.) and
regulatory changes/initiatives were reviewed:

* Increasing public hostility towards pipelines appears to be aligned with increases in drilling
activity and increased public opposition to new wells. Pipeline companies get lumped in
with E&P companies and pipeline failures affect all of industry — “we are all painted with the
same brush.”

* Regulators are moving away from regulating the business aspects of the pipeline industry
(tolls, tariffs, etc.) to more environmental and technical oversight.

* Considerable time is being spent in industry trying to understand business implications of
new regulations. Regulations appear to be trending towards greater conservatism and the
“regulatory pendulum” shows signs of swinging towards greater regulatory “intensity”.

* Regulations in the USA are becoming more prescriptive in response to public outrage while
Canadian regulations (OPR 99, etc.) are more “goal oriented” and less prescriptive. There is
a general opinion that US-style pipeline regulations will eventually move north to Canada.

Brad Smith, Enbridge Pipelines Inc. 1
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Pipelines and Perceptions

e Workshop participants were asked to consider if they would be willing to live next to a
pipeline and what changes would have to be made in industry before they would do so.

¢ Negative perception stems from industry's inability to get a good message out. There was a
general consensus that pipeline operators do a lot of good things, but only negative aspects
are reported.

e Public perception that there is too much industry cost reduction and these cost reduction
initiatives result in a reduced level of safety. There was an alternate view expressed that cost
reducing initiatives do not necessarily affect safety performance. Amongst those opinions
expressed, safety was help up as a core value.

* Does industry do enough to communicate “good news” i.e. volume safety moved, etc.?

CEPA indicated that it has spent considerable time and resources reviewing recent incidents and
concurs with workshop comments regarding a greater need to communicate good things to the
public. CEPA has established a committee and will be retaining additional support to better
address public communications issues.

¢ In times of increased operating costs, tighter budgets, and human constraints, has risk
modeling become a crutch to compensate? Industry must manage this perception.

¢ In order to reduce the negative industry perceptions, industry must foster a fundamental
“grassroots” belief in pipeline safety within individual companies and amongst stakeholders.

* Are pipeline integrity management challenges perception problems or real safety issues?

Administrative Challenges

In addition to administrative challenges of increased demands on staff, external resources and
budgets as identified by the workshop co-chair, additional immediate challenges identified by the

group included:

» In spite of ongoing industry changes, there wasn’t a strong reaction from the group regarding
understaffing or budget constraints.

* Struggle to attract new people to the pipeline industry in general and specifically to pipeline
integrity. Attributed to the relatively stoic image of the industry as compared to sexier “hi-
tech” and to the historic volatility of the oil patch. (drives off lots of potential candidates
seeking greater stability).

Lack of balanced hiring practices and limited succession planning highlighted.

Training; USA-style Operator Qualification requirements may come to Canada.
Requirements to demonstrate proficiency (in an auditable manner) at the field level will be
very expensive. (figures of several miilion dollars were quoted)

* The issue of specific technical expertise moving outside of companies and the general
employment trend towards consulting and outsourcing was discussed. Pipelines and other
industries (automobile etc.) previously embraced large staffs with various competencies.
This has largely changed to outsourcing using specialization firms. Managers must adapt to
a system where internal and external resources are employed efficiently

Brad Smith, Enbridge Pipelines Inc.
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The recent price of gas and corresponding desire to bring more gas on stream quickly has
forced additional loading on older infrastructures as additional compression is added to old
systemns etc.

Changing the mindset from “a small sweet gas release in the back forty” isn’t that big a deal
to “concern for all releases” is required to reduce overall leak statistics.

General belief exists that additional funding could be obtained for key pipeline integrity
issues if required.

Lack of mentorship was identified as an industry issue. “Downsizing” of senior level staff
(largely as a cost control measure) was suggested as a problem area affecting training of new
employees. A suggestion was tabled that industry consider sponsoring a program at UofC or
UofA to train people and increase industry profile,

Manager’s Environment

Management Svstems

A common understanding regarding “what a management systems is and what it should it
do” was not reached,

Management Systems were generally defined as a “formalized decision making process” -
used to demonstrate transparency. Strong regulatory (OPR99) endorsement of “systems
approach”

The general consensus within the workshop is that most participants have a series of
programs to manage integrity, but it remains a challenge to assemble the “total package” and
develop comprehensive documentation that brings together elements in an auditable fashion.
Recommendations from those currently developing an Integrity Management System (IMS)
are that systems should be developed as a iterative process with initial “rough cuts” being
refined through time.

Additional recommendations suggested that workshop participants not develop an IMS “ina
vacuum” but rather leverage from other existing management systems such as Environmental
Management System (EMS).

Grouping together the integrity and EH&S audit components of management systems was
cited as an example of a way to minimize impact to field operations.

Any management system must start with a higher level strategy and become part of the
corporate culture. The “buy in” for the underlying philosophy must exist from Senior
Management through to line staff.

Based on investigations of recent failures in the USA, a key post incident query involves
review of the “system” in place at the time of the accident. As such, proponents must have
(and be prepared to defend) a management system.

[SO14000-type system may be too rigid or formalized to fit needs of all companies.
Questions regarding overall value and appropriate degree of formality for a management
system were largely unresolved.

Zero Failures

Are zero ruptures an attainable realistic goal?

Brad Smith, Enbridge Pipelines Inc. 3
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Opinions varied within the group as to whether this was an attainable target. Opinions were
expressed that application of new technologies can make zero failures attainable while other
suggested that the number of uncontrollable variables (third party strikes, etc.) make this
target unreachable.

If zero failures are unreachable, why is it being proposed as a goal.

Although greater than 90% of leaks in AB occur on lines <6 inches in diameter operators of
large diameter transmission lines are lumped in with small E&P operators as part of the
broader leak statistics.

As such, “the industry” is only as good as it’s weakest link. What can industry do to move
smaller companies away from “reactive” programs of leak repair towards prevention
programs?

Can a corporate culture be developed that embraces the ideal that integrity performance is an
important aspect in the success of the company? Can tangible value be added through

integrity programs?

SUMMARY & KEY MESSAGES

1.

Public perception remains an industry problem. Only the “bad news” stories get heard in the
public domain. Although it falls outside the traditional “core” pipeline manager role,
managing public perception has become an important job aspect.

Prescriptive USA regulations and training requirements are expected to influence Canadian
regulations and management programs.

No (admitted) concerns re: lack of staff or budget constraints; however, significant concerns
regarding lack of mentorship, inability to attract talent to the field in light of competition
from “sexier” hi-tech companies.

Varying views of management systems exist. There is little commonality regarding what a
management system is or does. Some indications that individual parts (integrity programs)
are enough, with a minority view that an overall management system is important. Most
companies are at the stage of having several integrity management programs but not a
“system”. Significant challenges acknowledged regarding assembling program elements into
an auditable package or system. Agreement that integrity management plans systems must
have senior management support and become part of the corporate culture.

Diverse views regarding “zero failures”. No resolution as to whether this is a viable goal.

Brad Smith, Enbridge Pipelines [ne. 4
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Regulatory Initiatives - United States Regulatory Initiatives - Canada
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~ National Pipeling Mapping System
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@ State of Industry
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é% ; Administrative Challenges
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@i Management System
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- Imtegrity Management Plan
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Working Group #1 Final Heport

’ Pubit grcoplion remaing an endustry problem
3’*5? Flzé0t i « Pragorgpave US reguistions are expected 10 have soma
PIPELINE WORKSHOP influence on Canadian industry
b ConCEIn among working group atiengiees regarding
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alei vy ] Wie nped 1o atteort, develop and relain staf! foe the
Working Group 1 . incustry
Wrap-up and Report ] Management systems for integrity exploned
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S UTTITETY Presentation ?i%n&:’}f




Banff 2001 Pipeline Workshop Working Group 2 — Regulatory Developments

Working Group 2 - Regulatory Developments
Tuesday, April 10, 2001 at 1:30 p-m. - 5:00 p.m.

Co-chair: Tom Pesta Alberta Energy and Utilities Board
Co-chair: Ken Yip and Joe Pavi glianiti, National Energy Board
Rapporteur:  Lawrence Ator, National Energy Board

Objectives:
I Is aging of pipelines a valid public concern?
2. The role of regulators in addressing public pipeline integrity concerns.

Presentation 1 - Aging Pipeline Systems
Mike Hallihan Skystone Engineering Inc.

Although there are failure mechanisms that are time dependent, statistics do not support the
proposition that failures are more likely on older pipelines.

Statistics are not sufficiently clear to deal with the age issue and the statistics that are
available might be leading the public to perceive that older pipelines are dangerous.

Presentation 2 - Aging Pipelines - A Landowner Viewpoint
Roy Baguley Metal Engineers International Inc

There have been a number of serious incidents involving pipelines. This justifies the concern
that the public has regarding the safety of pipelines.

Pipeline companies will lie or mislead landowners with statistics.

The pipeline industry and pipeline regulators are seen in a negative light in public perception.

Discussion

There were four main issues that came up in the first session and were dealt with in the second
session. These were: regulation, communication, financial concerns, and standards. The
following is a list of the comments that were said about each on during the first session.

Regulation

The public perceives that regulators: do not operate independently, are in bed with mdustry, act
more as mediators than regulators, and need to be hassled by the public to look at issues.

Regulators do not report incident information and statistics in a clear and consistent manner.
Every regulatory body has a different definition for incident.

f—
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The consequences of incidents are not communicated by regulators.

When looking at statistics the public sees numbers of incidents but not the magnitude of each
one.

There is a perception that the number of incidents is rising but fines and penalties associated with
this are not.

Communication
Public perception is very real.

Age is a way for the media to focus issues when there is an incident. This might produce a public
perception that age is a factor that produces dangerous pipelines.

The public relates corrosion to car rust, which is an age issue.
It is only human to assume that age will cause breakdowns.

Other industries have similar public perception problems. One industry that was compared with

was the airline industry.
The airline industry has big media-covered disasters and yet are perceived favourably. Some of

the reasons why this might be include the perception that airlines are high-tech, shiny machines
while the oil industry is perceived as low-tech and dirty, airline crashes are seen as being out of
the norm, and people volunteer to take the risks associated with air travel.

The incidents that get covered by the media are large scale disasters. The majority of incidents
that occur are small.

Industry use the term *age” as shorthand for a multitude of time related issues; this perpetuates
the perception that age makes pipelines dangerous.

Financial Concerns

Facilities are used for longer than intended.

Old pipelines are not as easily inspected and newer pipelines.

The news reports pipeline sales.

The buyer of a pipeline is forced to rely on information about its condition from the seller.

There are increasing trends towards pre-sale inspection by the buyer.

If these inspections were made mandatory by regulators it would be easier for companies to
justify the cost.

Rapporteur’s Report - Lawrence Ator, National Energy Board 2
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Is it acceptable for pipe that can’t be inspected to have unlimited operational life?

Standards

Industry can develop good standards if they put the resources towards it. Regulators can comply
them to do so.

External corrosion protection is required by standards. Why are there no requirements for
internal corrosion protection?

What follows now is a list of the comments on each topic at the second session.

Regulation
There are two issues, public perception and pipeline performance.

There is concern that this discussion js calling for a less cooperative approach from regulators,
contrary to the current trend of working together with industry.

There is a panel in Sundry that includes all stakeholders; it works well in a cooperative manner.

Regulators at the federal government level are perceived to be more independent. The example
given is the TSB.

We should distinguish if a problem exists and if there is a bad public perception.
The NEB has perception as a goal.

Airline regulators are seen out there on the news after major accidents.

The NEB is out there with the TSB investigating major incidents. The NEB looks at every
reported incident for causes.

There needs to be consistency with between regulatory bodies in the defining of incidents,
There is a danger that prescriptive regulation with force companies to spend their safety dollars
inefficiently. We should establish performance measures and management systems to attain
There should be prequalification of companies who will operate pipelines,

Management system frameworks should be established by regulators.

Zero tolerance goal is too simplistic,

Rapporteur’s Report - Lawrence Ator, National Energy Board
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Application process should consider operating practices.

Maybe we don’t need more regulation. As the public becomes more aware they prevent industry
from pushing things through.

Offshore US companies are ranked. These rankings are public. This justifies more safety
expenses to sharcholders.

The cost of being responsible might take years to get paid back in the form of better
performance, but it will get paid back.

Communication

Recall a W5 report where the reporter was able to use a rupture to make a mockery of an NEB
official saying things were safe,

The best advocates of a good public perception are the people in this room.

The public perception in Saskatchewan is different while safety performance is largely the same.
What the public sees in different places is largely what industry is reporting to them.

The media has to be better managed to form a good public perception.
Media operates by selling sensationalism.

The media affects the public at large, but landowners and those individually affected get there
information in the form of packages from industry, followed by stonewalling.

Industry must impress upon the public how valuable industry is by using advertising to promote
the industry.

Regulations should use a risk based approach to deal with both frequency and consequences.
It would be difficult to communicate a risk base approach to the public.

Communication to the public must be designed by people who have communication expertise.
Statistics won't convince people.

All stakeholders should be involved with communication strategy.

The public sees big money in industry and doesn’t buy the financial limits arguments.

There should be pro active community awareness at the local level.

Rapporteur’s Report - Lawrence Ator, National Energy Board 4
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CAPP and CEPA could have working groups to develop a plan to communicate with the public,
CEPA does have a comumunication initiative,

There are no CEOs here they are the ones who need to get the message.

The public perception impact by media coverage of big incidents is transitory. The landowner
contact with industry is on-going and should be dealt with differently.

Associations can deal with general public concerns.

Individual companies can deal with site specific landowner concerns.

Financial Concerns

Industry functions by making money, and decisions are affected by this. There is a balancing act
to try and satisfy all concerns,

The sale of the product is the only source of money in the industry. Regulation, production,
transportation, refining, and landowners all get money from this ‘pie’,

There is a strong correlation between the money spent on corrosion control and the number of
incidents.

Industry should mmplement an integrity management program.

In the production industry the cost is not passed on to the consumer, it is market driven.
We could have CEQ pay linked to safety performance.

We could link regulatory fees to safety performance like WCR does.

If standards are set up and required they become financial requirements.

Standards

We have been talking about risk of pipelines, Almost everyone has gas heating and that carries
similar risks. We don’t conicern ourselves because we know there are standards. Standards create

a feeling of comfort.

Are those standards not in place?

Rapporteur’s Report - Lawrence Ator, National Energy Board 5
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We should determine what is the base acceptable performance.
It is difficult to involve the public with standard development.
There is a lot mandated but it is not clear how it should all come together.

Common ground might be found with a ISO like quality standard. Auditable processes should
reassure that problems won’t be repeated.

Current standards are too broad they should separate different areas of industry.
The people who are not at the conference might be the problem.
We should enforce the current regulations, not make new ones.

There is too much interpretation involved with current standards. They need to be more specific
to level the playing field.

There is an enforcement ladder that was put in place recently (AEUB). We should wait to see if
it works.

Would like to see some kind of performance ranking for company. It gets attention with
shareholders and makes it easier to justify safety expenses.

After the discussion the two presenters made closing comments.

Roy Baguley’s Closing Comments (paraphrased)

What it would take is meaningful regulations enforced meaningfully. Public had to make effort
to enlighten regulators this is not right. Level the playing field.

Mike Hallihan’s Closing Comments (paraphrased)

Take the time to talk to people who you affect who don’t work in oil industry. It is a bad idea to
have engineers tell landowners ‘what is what’ in their lives. We need to have better statistics and

information. It’s about trust.

Rapporteur’s Report - Lawrence Ator, National Energy Board 6
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How Have the Regulstors Affected
Public Perception?

¢ There is a percaption the feguiators may not be working
BANFF/2001 fully i the public interast

PIPELINE WORKSHOP s # reasonabie to aliow an unlimited ife for 5 pipeiing?

* Regulators gre fax in inspaction during construction

* Regulators could specify more integrity rmanagement

Working Group 2 - Regulatory Developments " Faiue :‘::z‘;fs should be fuly avaiiable and presented

A Summary of the Discussions * The reguiators shoutd set performance standards,

measure againgt them, and tepart Gn parformarce

* Reguiator shoulg impose more fines and prosecution

.

A 0o Pl 00 Pynation Warkshop A 32, 2004 Wbt 20501 Plniiins. W ity S £

Technical issues that may be

Why is Pipeline Aging a Concem? o
yis Fipe ging contributing to the problem
* Is the issue of aging just convenient target? * Old designs may make today's maintenance difficult
: Eg:m"gﬁ’y efforts, public perception wil remain for - Ma;‘c:lr differences between upstream ang downstream
* Age s imefevant! The Issue is kick of inspection and

= What ara other industries doing? industries like air

transport and rail transport alsa have safety issues, but do rainterance
ith oot

fot seem 1o have the same problems with pubiic * Production declinas n aging systems will create cost
perception. Why? Pressures for malntenance of marginal systems
~ They ara highiy regutated ' + Technical records are sketchy for oid facities
~ Personnel are highly trained, credentials are * Are comparies property conducting dus diligence?
documentad . N
— We accept the risk of ale travet willingly, it is not forced " Construction done as chaaply as possitie in cases
upon us * Industry must perform g balancing act between funds
available and technical noads
Apn §-13 2004 mml’mwm Siida 7 L hpeit 13, 2001 Mm?’&dﬁ-wnu_ By 3.

Why is Pipsiine Aging a Concern?
Confinued

- Alrcraft may be more easily inspecteg * Catastrophic fransmission line failures cause a falsa
- pipelines are not ag high-tech as aircrag perception of the consequence of a pipaline fallure

+ Corrosion is not fully understond by the generai pubtic Frequent falures on upstream iines cause a faise

* Is thers an sutomatic assumption shat averything has a Perception of the frequency of failures on af Pipslines

Communication Problams

.

fnite life-span? + Even tachnica pulilications may be reirdorcing the “aging”
» Should we automatically assume that af pipeline leaks are Goncept _
had? - Rigk is driven by the rurmbers of failures oCcurring
. ?emﬁnafcgy - Use the term “maturing” pipefines instead
* The media does not report objectively on Eipetine
inciderity
+ Statistics arg easily maniguiated or easly misunderstood
Ak B12 2007 Fantt 2001 B Wiy Sda 3 L Apet 13, 2001 B 200 Pipaiiers W wkatieg Sl §
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éi Standards

«  industty could come up with Detler standards and the
regulators could adopt them. industry would buy inte
their own standards maore readily

+  Meogern standards are usually the reswlt of ublic pressure
on regulatory authosties

«  Existing Standards not clear on the expactations for
pipefine integrity management

il 412 0t St 2001 Pusslin i ariabes Slisia ¥

A Summary of the Key Issues
Developed During Session 1

» Reguiatory issues

- require independence and transparercy

— Must ensure compliance through enforcement
» Financial consiraints

~ on lndustry, on reguiators, on public
«  Communication problems

- performance statistics, regulator comenunication,

industry communication

- Standards
- ggvelopment, requiremends, involvemant

A $12, 2001 el T P W orieiop e b

Regulatory issues,
Possible Solutions

« paneis of stakeholders working together (SPOG)

« reguiator should be an independent body

« need sltong presence, with immediate action &
investigation

+ Each reguiaior has a purpose which may infiuence the
way they repord their information

« industry and regulaiors set & benchmark as to acceplable
ievel of performance

+  include commitments for oparation and mairenance

gt B4, 2007 Bl Z00% Pipaiaros Yo iarmabimp e

Rapporteur’s Report - Lawrence Ator, National Energy Board
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A7 Financial Constraints,
i Possible Selutions

« Evaluate how the wealth is distributed

+ Ratpdators belp france technology deveiopment that
might assist industry performance

« Examinge or audit financial expenditures towards intagrity
and snsure 1 reflects volume of actual production

+ Mandating integity management programny might
eliminate the iasee of Snancial conglrains

« Find way {0 pass increased costs on in a commodity
market

Apri 312, 2004 Bantt 001 Pigulinn Warkiiop e 10

Financial Constraints,
; Possible Solutions Continued
«  Prioritize actording to consequence - use risk based
approach
« Tie corporate bonuses io pipeline performance
¢« Raduce risk 0 2 lsvel 2t which increased financial
expenditure wouid not result in further reduced risk

+ Consider WCB moded - more leaks equates to mare costs
{higher lavy or fines)

Apeit 917, 300! Bl 2004 Pipaime Workahos ke 17

, Communication Problems,
- Possible Solutions

«  Prequatification (have reguiator evaluate and verly
quality of oparator)

= Zero-tolerance corrnents are 2 distzaction to real issues

+ Must define the probiem, and then design a salution

- Tachnical people may not be the best 16 talk to the public

+ Pyblic sees high corporate profits

+ Rigk based approaches require careful communication

« dude requirements for malmenance in reguiations

+ Lise proactive regional communication programs (SPOG)

Mgt W12, 2001 Bl 0 Pl Wiy Lo 17
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= Communication Problems,
Nt Possible Solutions Continued

Have CAPP and CEPA devalop public communication
Get the small producers on board

Get support at the CEO and Director level
Communication needs o be different for differert levels of
involvement, i.e. directly affected public vs. indirectly
Associgtions arg rmost approprate to cormmunicate
generally on giobal issues

Companies should do the communication on local issues
More carelul reporting of failure statistics

Make failure statistics fully available

At 43, s Sl 2001 Prgsline Werabeg S 15

v

Standards / Regulations
Possible Solutions

Standards make it easier to mandate work

Industry and regulators should establish key perormance
indicators to verify that Standards are working

implernent a quality standard e.g. 1ISO8000

Standards are very broad (minimums), leave too much
room for interpretation. Make more specific to the
application

Don't nead more Standards, need more enforcement
Prescriptive Standards not suitable for variable situations

Aprit 312, 2004 Bani? 2001 Pipuniises Wththap Shlebe t4

Rapportewr’s Report - Lawrence Ator, National Energy Board
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Waorking Group 2

What have you leff in my backyard, and
how are you taking care of it?

LIy
L1750

T+ Presentation Objectives:

hazards & consequences of failure.
Augist 21, 2000, Carishad, NM, 30"
natural gas pipeding explosion kills
11 people camping about 600 faet
away,

With headlines lika this, it is
understardable that landowners
and the general public are
increasingly concerned about the
integrity and safety of aur pipetines.

Aprt Rt 03 Bar 2601 Pigahina W oraim Siate 3

BANFF/2001 ~ To present a landownar
PIPELINE WORKSHOP view of pipsiine safety
ang integrity.
- To pm a ci»scussm
Aging Pipeiines - A Landowner Viewpoint :ﬁ,;‘?:ﬁ;;i‘;‘;’g"“ #
Roy Baguley, P. Eng, landowner concarms.
Metal Engineers International Inc,

Ak 17, 208 el 2001 Pynstivon W wehaiug ok W-53, 00t Samit ICQ Pipaient W orkaieg e
e Why are Landowners Concerned About it Couldn't Happen in Canada, Could it?
Pipeline integrity? It’'s Just an American Problem, lsn't 1t?

ﬂ Increased public awareness of the * Just because much of the media attention has focused on

recent American pipeline fadures and regulatory issuas
doesnt maan Canadians don't have similar concerns,

* How many peopte remember the 1878 Milwonds pipeline
faiture and evacuation, that is 5 sowrea of concers for
residents Bving in the graa?

* How many of you have been expused 1o the increased
local area resident resistance fo sowr gas development?
What are the reasons behing this resistanca?

Apni 313, e Barkl 2001 Pigaions Wortmhcys e 4

Three Landowner Questions
About Pipeline Safety

v Are pipeiing incidents/faliures on the increase?

= Ase older pipeiines at higher risk of failure?

*+ What are pipeline companies and ragulators doing to
maintain or enhance pipeling safety?

+ When answering these questions, plaase consider that
thers are three kinds of Hey:
-~ Hes;
~ dammed lies: and
- statistics. (s D s, P Fnster of Englend, 1668
+ Landowners are regularty subjected to all of these.
Apris 917 W Bubnf 2005+ Sigpaliens W Dekiitiogs S §

Are incidents on NEB regulated

pipelines on the increase?

Fugre 4; Total Raported exierts o Fedetaly Paguitind * Looks fike a

Fime simple fost,

1 What do you
i thini?
T 108 RS 1904 togh 1096 1967
Aprk 12, 2001 Bl 25051 Prptbes W arshog Bite ¥

Roy Baguley, Metal Engineers International Inc.
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Working Group 2

Are major incidents and ruptures on
NEB regulated pipelines increasing?

&

Figuee B: Major ncicents and Fpiuret. on Faceraly « What do you
Feguistad Fpstiee m;m‘_‘

increasing, o
Tyedic?

061 1097 1963 1504 Weh 1086 1987
A 12, 00 Bl 301 Prppsiies W onshins Sy ¥

Is the frequency of fallure for EUB
regulatad pipelines on the increase?

v Are the number of ELUB regulated
natural gas pipeline fallures increasing?
—
- -+ The togks
i obvious, doesa’t it
But, in view of the
pravious slids, is
irdustry now going
{otelime asa
landowner that the
frequency of fallure
isn't really going up,
it's just the number
of failuras that's
increasing?

At §-17, 0% Bt 00 Figuling % nokstag Hicia ¥

. . o » It depends onthe
win ‘“\ e - product.
N ] . ] - Water {blue}
. e appears o e
- Saé.rqa;(red)
appears o be
NCreasing, of &
a7
~ Natural gas
(ydliow) appears
10 be flat
Ml &
) Are the number of pipeline failures
. related to the age of pipelines?
St o Fipritns Fukwind e Einoh Fipaliee A Chbbgory = European data
“ b indicates there
“ ! [ o | are more failures
£ in ofder pipelines
H than newar
ol pipeiines.
5 ’
i
5.
DY S—
i i
AR S A B TN L 16 W B0 e
Bipatinie Age (Vasrst
Apei 3.4, 2001 Rt 2061 Pigalion W ackitiop R

@i The Job of the Reguiator

+» By way of axample the NEB says thai msraspomli:ie for
: yes, and it has

oT1s o th tig

puistish&d ihe ioiiowmg mmomte goals

~ Ensure that NEB reguisted faciities are gafe and
percetved to he safe

- Engure that NEB regulated facilities are bult and
aperated in & manner that protects the environment
tadividual’s rig!

« {would propose that othwr regulatons have similar goals
and ohjactives, although they may be stated differerty.

Ak 911 201 Wil 2001 Pgpalinds ' orkig Sl 14

é%‘ Landowner Perceptions

= Pipelines are dangerous,

»  (id pipelines are more dangerous than new pipelines.

= Regulators are not doing their jobs {or can not).

+ Regulators behave more like mediators than regulators.

+ When inciderds oo, irckustry Rust gets & stap on the weist
« industry Is doing lite to maintain pipeline safety & integrity.
+ irdustry thinks they have a good safety record,

« Profits come before peopw

Al 312, 2601 Bl B Sipline Ve oresng e 12

Roy Baguley, Metal Engineers International Inc.
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Primary Result of Landowner
Perceptions: A Call for More Regulation

» MNeed for glear and effective regulations that will force
companias to pay attention t pipefing integrity and safety.

* Enforcemernt of such regulations by impartial autonomous
reguiatory agancias.

+ Severe and mearingful penalties and compensation
orders for companies that do not adhers fo reguiations.

+ Revocation of icanses for cparaters with sedous or

Secondary Results of
Landowner Perceptions

+ Simple mechanisms for public input t0 declsion-making

processes, ami compensation for those divactly affected.

Consideration of risk, exposure, and loss of enjoymant in

the ussessmant of land values.

Disclosura wwmmapmmmwmm,m

treugheut the approvat Process,

* impartial audits of Reguiator parfortnance respecting the
administration & enforcament of Acts & Regulations.

* A system that raquires pipeiine companies 1o be pre-
quatified by the Regulator before being given penmission
to buitd and operate pipelines with hazardous products.

Ak 342, 2004 Al DO Pitirat Worknivmg. Sida 14

chronic non-conformances.
At -1, S0+ Dal 1T Piguplionn Woarkpiog. Sy €3
Secondary Resuits of

Landowner Perceptions {Continued)

* Periodic publication of the results of Regulator activities
incluting facility names, operator fames, and focations.
* improved data collection by regulators & communication
of tesuits without spin & other "fun with numbers”,
indusiry furnded research into pipstine safety, intagrity,
and risk, that is administered by Reguiators and carvied
aut in an environment independant of industry influence.

&

A 12, 20T Bt FXI0T Prpafin W irkahos. Shin 1§

Roy Baguley, Metal Engineers International Inc.
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BANFFI2009
PIPELINE WORKSHOP

Aging Pipeline Systems
Michael Hallihan P. Eng
Skystone Engineering Inc,

gt 811, 20y Dol 2001 Pt Wamhastgy

Aging Pipeline Systems

Old Age Does Not Cause Failures!

All failure causes are time dependent!

Aprie b33, 2004 Burll 2001 Papmbvie W arkehog iy 2

Aging Pipeline Systems

The 5 Prime Pipeline Failure Causes

* Corrosion — progressive

+ Environmental Cracking — instantanecus
* Overpressure - progressive

* Overload - instantanecus

« Material Defect - instantaneous

Apct 12, 2001 Sardt 1301 Plyaion W orkanig: Site 3

Aging Pipeline Systems

Progressive failure causes are;
- predictable (mode, rate & iocation), ang
- controlled with preventative maintenarnce

Instantaneous failure causes are;
— unpredictable {mode, rate or ocation) and
= controlled with rapair, replacement or redesign

Apl 52, 2005 Bank 2001 Suskinn. Workenop Bt

Aging Pipeline Systems

Adtoar ta Pipe e Fullsres ey Gatiss

Al #1200t Banlt 2001 g W ety Sie §

Michael Hallihan, Skystone Engineering Inc.

Aging Pipeline Systems

The 5 stages of pipeline life
- Design
- Construction
- Operations
- Maintemance
- Abandonment

Agek 12, 201 Pt M} by Wooricabon Sticie &
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Aging Pipeline Systems

é

Design Activity Errors

« Pressure design

+ ROW stability design

+ Materials selection/quality
+ Thema design

Construction Activity Errors
+ Joining (weiding, MIF, Fusion, eit.)
»  Constraction Impacts

A 412, M0 andt 200+ Pysiing W arts iy Wi ¥

éi Aging Pipeline Systems

Operations Activity Errors
+ Overpressure

Maintenance Activity Errors
+ Intermat Corrosion

+ External Corrosion

« Third Party Damage

+ Earth Movement

e 17, NG Bawll 2004 Fapatns W arksiony e &

@i Aging Pipeline Systems

Atonti g Pipaiien F i by Andiciy

ok 12, 2061 Tt 24}t Splis Warkeho -y

é% Aging Pipeline Systems

Of 853 Pipeline incidents in 2000

= 42% occurred on lings less than 10 years old
« 30% ocowred on lines 10-20 vears of age

¢ 20% oceurred on Hnes 20- 30 vears of age

+ 7% occurred on linas 30-40 years of age

= 1% occurred on lines clder than 40

Agrit 42, 2007 Banlf 2T Pt W ottt e 70

-

1

TY I IR EEIRLEE 3

A 12 2001 Bt J0U Pguioet W cocti Sk 1t

EEE
(33

[
oer

%i\ Aging Pipeline Systems

Age Does Not Cause Failure
- All failure causes are confrollable irrespective of
pipeline age.
-~ Each foreseeable failure mode, rate and location
st be identified to be controlied.

~ Most failures are due to inadeguate magintenance.

~ Maintenance must be designed to control svery
failure cause.

Hgl 12, 2001 Barlf 2001 Hmatior Wi wramey Y 12

Michael Hallihan, Skystone Engineering Inc.
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Aging Pipeline Systems

improvements

+ Continue to reduce failires due to design, materials,
and opegrations thru improved standards and

compliance.

* Reduce failures due to inadequate maintenance by
establishing clear standasds ang competency for
plarning maintenance.

Ageri 452 2001 Hacsl 206 Pigtnon W kil e 13

A 12, 7

é% j Aging Pipeline Systems

Bt 206 Pipaions Workshe Hide 14

Michacel Hallihan, Skystone Engincering Inc.
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Banff 2001 Pipeline Workshop

Working Group 2

BANFFi2001
PIPELINE WORKSHOP

Working Group 2 - Regulatory Developments
Outcome and Conclusions

Aprk $12, 2001 el J00% 4 paden W nerany.

A Summary of the Key issues
Developed Duting Session 1

+ Regulatory issues
- reduire independence and transparency
« Must ensure complisnce through enforcement
* Financial constraints
- onindustry, on reguiators, on public
- Communication problems
« performance slatistics, regulator communication,
industry communication
» Standards
- developmers, requirernants, involvement

Aprd B-12, 2061 B 35107 Pt padns W nekaiay ke 4

Working Group 2. Regulatory
Developments

+ Theme: Aging Pipalines are Unsafe

Two Presentations:

—~ Roy Bagutey - Aging Pipeiines - A Langowner
Viewpoint

- Mike Halithan - Aging Pipsline Systems

+ Viewpoints:

- Pipetine Reliability Declines with Age

- Pipelines Are Safe Indefinitely if Maintained
Prapey

Ak 12, 3001 Bad? 00T P4 i Workenop S 3

Possible Solutions

* Regulatory Solutions:
- need strong independent presence, with immediata
action & investigation of Major incidents
~ Indusiry and regulators set benchmarks for acceptable
lovel of performanca and develop a raniing systam
* Financial Solutions:
- Consier WGB modal - more ieaks equales to more
costs (higher levy or fines)
= Reduce risk to a level gt which increased maintenance
expenditire would not resyit in further re duced rigk

Aprd 45 2051 Bt 2001 Piznfins Worug Firte 5

Sample of Comments
Received During the Session

+

Ragutators do not operate independem}y, are 1oo fiendfy
o industry, act more as mediators than reguiatcrg, and
don't act on issuas until pressured by the public
There was much discission on how the pipeline industry
is perceived against other transpertation, such a5 aitting
or rafl ravel, where ragud ation ig perceived to be very strict
Media has strengly influenced the public perception
T A variety of fnancis toncemns have influsnce

Standards are perceived 3% baeing inadequate or

madequately enforced

* Regulators should estabish performance measurss and

L mbg;imme mma“*“é.ﬁ%‘&“iﬁ?’&ﬂ" ugh penalties Fhoe 3

Summary Presentation 1o Flenary

Possible Solutions

Communication Sciutions:

~ Have CAPP and CEPA promote the industry

-~ More caraful reporting of fallure statistics

- Use Risk assessment to evaluaig, not (o Cumimunicate
- Proactive regionai Commumication programs {(SPOG;
Standards / Reguiations Solutions:

~ Improve inspection and enforcemnent rather than build

fhare reguiation (meaningfu regulations, meaningfutly
enforcad;

~ C8A develop appropriate standards, reguiztors enforce
them, industry must develop appropriate practices

Ak 017 308 Dark 2901 Pl piten Warkinop e 8




Banff 2001 Pipeline Workshop Working Group 3

Working Group 3: Upstream Pipelines Inspection, Corrosion and

Integrity Management
Wednesday. April 11, 2001, at 8:30 a.m.

Chairmen:

*  Reg MacDonald
¢ Dave Kwas

s Alan Miller

Rapporteur’s Report
Reg MacDonald welcomed the attendees and presented the highlights from previous Pipeline workshops.
The key outcomes from previous workshops are summarized as follows:

Banff 89:  Advance techniques for corrosion monitoring

Banff97:  An industry consortium 1o predict internal pitting corrosion of multi phase pipeline (due 1o finish
in 6-8 months time)

Banff95:  Risk assessment (More companies are performing it now)

Banff93:  Laboratory methodologies for corrosion inhibitor evaluation {The outcome of a joint industry
consortium formed that the basis of an ASTM Standard, that is expected soon)

L 2 )

The industry is changing as a result of the Banff Pipeline Workshop.

Reg also noted that in the Banff ‘99 workshop, upstream pipeline had one session, but in Banff 2001, we have one
full day to discuss the upstream pipeline issues.

He concluded that the success is due to the fact that the people attending the workshop will be able w take home
some values that will help 1o perform the work better.

Bernie Frost presented the Regulator’s perspective ~ “An Action Plan for 2000 - 2004
orrosion mitigation program, Bernie answered that about 50-

To a question as to how many companies do not have ¢
60% have mitigation program, but not necessarily monitoring.

He noted that in the past there were no penalties for non-compliance, but penalties may come in the future,

Bernie further informed that the EUR direction on consequence is expected in fall, 2000, He categorized three
levels and presented the details on actions items and consequence in each category:

*  MinorLevels (1,2, 3, and 4)

& Major Levels (1, 2, 3, and 4

¢ Serious Level

e The category will be “minor” if mitigation is in place, but not properly operated.

. The EUB is producing a “Frontline Stzkeholder Awareness Corrosion Guide™ and enforcement action,

The issue of training the inspectors was discussed at length. The Department of Transport, US.A., is taking training
seriousiy. )

In Canada, the personnel dealing with sour gas are trained, but not necessarily those involved in crude or water lines.

Rapporteur's Report — Sankara Papavinasan - CANMET Materials Technology Lab




Banftf 2001 Pipeline Workshop Working Group 3

Keith Cartmell presented data on the pipeline failures in Alberta,

He advised that the majority of the 852 failures are on natural gas (30%), oil emulsion (22%) and salt water (9%).

. The major cause is INTERNAL CORROSION.

One graph describing the total number of failures over the years showed an increasing trend, while another graph
showed that the number of failures remained flat. It was observed that a detailed analysis should be performed
on the data before any meaningful conclusions can be drawn.

. The majority of the failures are occurring on 6" pipelines.

The EUB regularly produces a report on pipeline failures. The most recent report was released in December 1998.
Detailed data on the pipeline failures in Alberta are available in the EUB Report 98-G, December 1998,

1an Scott presented “Upstream Pipelines: Inspection, Corrosion and Integrity Management” (Conseguences

" of Pipeline Failures)

He advised that a CAPP Task Group is working on this issue. He advised that this effort is coordinated with CEPA,
EUB, NEB and non-government organizations).

The consequence of pipeline failures can be classified into low, medium high,

There is a memorandum of understanding between CAPP and Alberta Environment. CAPP is also soliciling
comments from the APESC Committee. The plan is to have a “1-Year Pilot Project”

To a question, lan advised that, based on the previous year's data, most of the consequences are classified between
low to medium. Very few conseguences are high.

The Public does not care about the volume of spills but rather they are concerned about the number of spilis.

The issue of training of operators was discussed.

With Regard to the Need For An Internal Corrosion Management Program

There should be a good Internal Corrosion Management Program in place.

The Producers should meet to set practices and/or guidelines for field operators.

Industry should move to a pro-active state from the reactive state.

In many cases the program is in place, but not applied properly.

The industry should obtain self-auditing status.

The issue of larger vs. smaller companies was discussad.

There should be a minimum set practice.

There is a CAPP Pipeline Technical Committee for CAPP members.

There should be a sponsoring organization, e.g., CAPP to develop and maintain the document on corrosion

management,

Such a document can be first developed by CAPP, and could be moved to CSA.

Relauvely few upstream personnel are on CSA committees,

* The CSA Production Subcommitee is searching for members. Without improved interest, the Subcommitice
may be dishanded.
Similar documents from others (e.g.. DAOAC) can be used as a guide.
At present producers are in charge and they develop corrosion control practices. The EUB may review them.
The issue of accepting a standard was discussed. It is observed that the standard should be considered as
minimum gaideline.

* To a question on the current level of inspection of failures - the EUB advised that the about 90% have been

inspected. The reports of these inspections are being prepared. The intention is to complete the inspection and

report in all cases.

* & & & o 5 s 9 @
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ames Ferguson presented “A Framework for Integrity Management for Internal Pipeline Corrosion”
How many companies are going beyond the EUB requirements on integrity management? A show of hands
indicated that about 10 companies that were represented at the session g0 bevond the EUB requirements.

The guidelines do not g0 far enough; therefore it is necessary to go further on integrity management.
What are the different standards available on integrity management?

U.S. regulatory requirements (API} are being produced.

CSA Z662 99 has g non-mandatory clause on risk assessment.

Can regulatory standards be used for integrity management?

Risk control is presently out of the scope of the CSA Z 662.99 appendix on risk assessment.
Industry, the regulator, and the public have different perspectives on risk,

Can predictive models play a role in integrity management? Models are a less concrete rule, but can be used as a
factor that contribute to corrosion mitigation and to rank the system appropriately,

The issue of Risk Management vs. Frequency Management was discussed.

In any management, the public perception should be raken into consideration. The Public should be involved in risk
assessment,

There is a Federal initiative on green gas emission
There is no hard science to back up the low, medium, and high classification of risk.

Does the board ask for risk assessment? Should risk assessment be there as a part of integrity planning? The
companies will choose the plan.

The CSA standard is only a tool, not necessarily the integrity management program.

The issue of corrosion monitoring should be dealt within the CSA document.

Colin McGovern presented the “Integrity Management of Acquired Pipeline System”
He noted that there should be 2 focus on mitegrity management.

It is necessary 1o transfer the knowledge 10 an operations team.

Typically a 4 hours course/discussion on a regular basis helps in the cotnpany,

Pitting corrosion is the cause of major failures,

To a question, Colin answered that there is no set budget for corrosion management.

The cost of mspection should be compared with the cost of replacement.

There are instances that the failures ;:an be associated with the management change.

In some instances, the static state {when the pipeline is not operating) corrosion rate is high.

In some cases, we do not react quickly.

L
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Real time corroston monitoring will be beneficial.
. Risk assessment is only a part of Integrity management.

We can learn from other programs, e.g., the management of pressure vessels and related equipment (in Alberia — the
ABSA programs),

If a company chooses to excavate pipeline locations, and show that the pipeline is in good shape, is it enough for the
board? .

Is digging a good method to show pipeline integrity?

An internal corrosion control program is based on science, mathematics, physics, and chemistry. Therefore it should
undergo engineering scrutiny. It should be involve a professional engineer.

A detailed technical assessment is carried out before a digging operation is carried out. The technical assessment
may include modeling and/or in-line inspection etc. But in many cases digging is the only way to obtain
information on pipeline integrity.

How many digs do you need? It is a far-reaching question.

Alan Miller presented “PanCanadian Pipeline Risk Assessment Challenges for the Industrv”

He noted that CSA standard is only a direction, not a plan.

The difficulties include:

+  Probability of failure - the most difficult to quantify
e  Location of next failure

»  Modeling vs. Inspection

Asset inventory management resources are allocated on a consequence basis - not necessarily devoted to the
numbers. of incidents.

He noted that the probability of pit initiation might be associated to the probability of the presence of inclusions.

There are instances where the locations were predicted by flow models to be potential locations for corrosion - the
pipeline was clear and vice versa.

Flow models are not reliable.
Corrosion was observed on the downhili section of pipelines.

Owner/user system is acceptable. But in order to be useful, a recognized organization such as CAPP should lead the
initiative,

How should we decide 1o run the next risk assessment program?
Will there be an operating envelope?

There should be a red flag, (i.c., if the operating conditions change, a risk assessment should automatically be
carried out}.

There 1s generally a procedure that is followed for line suspension.
It will be appropriate 1o run the flow models to predict “what if”” questions.

There should be a set range in which the pipeline should be operated.
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Flow modeling is good for gas condensate but needs improvement to include oil properties,
How can one delegate responsibility within a company?
Where is the priority? High-risk areas or high-consequence areas?

Risk Assessment programs are run frequently, but it is difficult to catch the production changes in between the
assessments,

There are techniques available for automation.

Flow models can be accurate,

If somebody constructs a house near the pipeline, does the risk assessment change?

Reality check:  Not all upstream owners are present in this workshop, More participation is required in the future.
Dave Kwas presented an overview on, “Challenges by Small Diameter Pipelines to Inline Inspection
Technologies”

In crode laterals, microbiologically influenced corrosion is a problem.

There are some unexplained internal corrosion problems.

in some cases, the monitoring methods have failed.

In one instance, the cost due to a failure is as high as $ 28 million. This cost does not include long term as wel] as
indirect costs.

Public perception adds to the cost. Credibility is an issue,

MIC is an issue. Pit growth modeling is useful.

Karol Szkiarz presented, “Inspection of Wet Sour Gas Pipelines”

In general, only the deepest pit per joint is analyzed from the ILI result. It is possible to obtain information on all
pits.

If there are a large number of pits, the ILI may miss individual pits. Which pits are missed — the deepest or the
shallow pits?

Sometimes the ILI indicates pits, but actual digging indicates no pits.
Weld beads can cause dead zones,

It is necessary that the ILI run does not disturb the scale that protects the pipeline. There were some instances where
active corrosion was observed after the ILI run.

Inclusions can cause false information.
There is a need 1o increase the resciution of the IL} tool.
ILLis relatively easy to run in a liquid pipe, due to the velocity effect.

There is no experimental flow loop in Canada to test ILI tools,

L
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Alan Miller presented. “Shallow Gas Pipeline Corrosion and Corrosion Control Strategy”

Condensed water does not lead 1o localized corrosion. but produced water leads to corrosion.

A 2-inch inspection tool not available.

Smaller pinhole leaks is the cause of many pipeline failures.
Fatlures generally occur at the first uphill rise.

Sands and clays are the main cause

How much of the gas is lost? Sometimes the leak goes undetected for about 6 months.
Can’t use continuous inhibitor due to the location of the pipes.
Greenhouse gas is an issue.

Main Issues and Ideas
+ The session was well attended, there was a good mix of people (producers, transmission, regulators, consuliants,
and others) ~ 100 aitendees
Ranking of spills
Public perception that the pipelines are not safe
Internal corrosion

o sweet

o sour

o oil-emulsion
No standard method for corrosion monitoring .
Role of flow modeling in the pipeline integrity program.
Training and accreditation program for field operators/inspectors (is required?)
Internal corrosion monitoring program

o Guidelines needed {many companies will be interested)

©  Program should not only be developed, but should be used
How {0 set a minimum pipeline integrity program
Many times the integrity program is cost driven, not necessarily safety driven
Sponsoring organization to look into the internal corrosion monitoring program
CSA committees - not much representation from producers
ILI program

o toolsensor failure

o speed problem

o still conservative

o better iength determination

o use in liquid vs. gas pipeline.
indastry should lead the way in establishing the internal corrosion control program
Automation of corrosion monitoring/risk assessment
Digging frequency
Inspection tool for 2" pipelines

2 & & 2
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Main Outcomes

A group was established to work on an Integrity Management program.
Champions were identified.

The Goal is to share the best practices.

. There will be a Task Force within CAPP.

-

Rapporteur’s Report - Sankara Papavinasan -~ CANMET Matenals Technology Lab




Banff 2001 Pipeline Workshop

Working Group 3

BANFF{2001
PIPELINE WORKSHOP

Working Group 3: UPSTREAM PIPELINES
Co-Chairs: Dave Kwas {Pembina),Reg MacDonatd
(ExxonMobil), Alan Miller{FanCana dian}

A AL 2007 oo 20051 Ppain Warkshon

2001 Upstream Pipalines
Today's Guide

© "What's the Protlem?” 8.30.10.00

~ Cutrend issues Ffacing upstream PL's ang downstream crude
laterals
+ "How do we manage this?" 10,20-12.00
~ Whatis the right approadh to wlegrty management?
* "How do we find it?" 1.30-3.00
- Inspection i small diameter pipe  containng  vanous
subslances and suferng varkus forme of darage is a
chajiange
* Cther F ime required 3.36-5.00
“What can we do here today which will haip me tomorraw?®

A B £ 2001 Sank 2001 Pympling Wovkaimg. Lihde 3

\ 2001 Upstream Pipelines
@ Desirable Qutcomes - #1

+ identity specific problem areas so as o bring interested
parties fogether to devise ways o minimize the
problemy{s).

+ CBA Z882's Appendix on RA - Doas Industry use #7 How
to apply ? Skould # be modified? How to encourage a
standard?

* “Pipeling Quality Management Programs” - Ownerfliser
system accaptable? Should there be a greup, CAPP or
cther, promoting this? Can an upstraam producer earn a
saif-auditing status?

Apri 812, 2004 ol 200 Ploalion Woariehop Shiga 3

2001 Upstream Pipelines
Desirable Qutcomes - #2

+ Develop tools and practices to Improve accuracy in smal!
diameter inspection tools. Farm a group to pUrsus
improvements to acouracy in thess tools.

Define what Industry and Reguiators find as acceptabie

inspection tschnologies for various forms of pipeling

damage.

* What is an acceptable aiternative to assessing integrity
when Upstream industry cannot justify an IL1 o instaitation
of corrosion resistarnt fining?

+ Develop a3 decision trea for tnspection Technologies for
Upstream Pipetines.

A B3, 2004 Back J0h1 Pusdine Workahop. Sl 4

1899 Working Group 48:
“Risk Management/internal Corrosion -
Producers”

* Single sassion for Producers di ad rigk & t,
ralationships with regulators, predictive models, and foid
onitoring.

*+ New technoiogus are regiirad for monitoring internal
corrasion andeffectiveness of inhilitors with  focug on
cost-affactively increasing thearea of coveags of
cotrogion monitoing tools.

* Parformance metrics need to inciwe a msasure of the

consagqience.
+ The consequence side of sk shoud be muore actively

consil d andingiuded in the ofperformanca.
Ak §-12, Joot Bark 2307 Pomiine b cvation Show §

iy Progress from Earlier Pipeline
Workshops

‘98 WE: CAPPEUB task force working on & systern for

reparting of safety and environmental of consequences

irdo the spilf report forms. - prograss repott is this program

'98 WS New corrosion monitoning techniquas are baing

used by @ few, le; electrochemical noise, FSM's, fugh.

MGUIES COUPONS, eig,

+ "85 WS: Risk Assessment became Ore cormmon

+ B3 WS CANMET Laboratory Test Method for Gl selection
in Bour Service

= Conclusion: Industry is changing as a result of the Banff

Pipeiine Workshop

Ak 12, 001 Bl N1 Pipaing Wirtahog, Sk 8

+
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éi How we got started

- The Banff Pipeline conferences have
provided an opportunity for people to
meet and share ideas and common
goals

+ Upstream pipeline risk assessment
{RA) was a topic for discussion in 1595

« Few upstream companies did
structured RA at that time.

A -1, 206 Ban 20071 Piwive Workzhog Sl

What have we accomplished

« By 2060
- Many companies hkave 2 RA process
-~ There are numerous consulting and chemical
supplier companies that can do RA for you

- RA is non-mandatory appendix in CSA Z-662

- There has been seminars, conferences and
courses of risk assessment

- Risk Assessment is a common well understood
practice in the upstream industry

A -5, Y Handt it Pigiares Yo orhnog Shoa s

% Why were we successful

« This change happened because the
people involved in integrity management
mads it happen
~ it was not driven by upper management
~ It was not driven by reguiators

+ During this conference we will talk about
the current issues and opportunities and
where we want be in the future

Apre 12, 200% Bt 20067 Pptnn Weorknion Sick 3

New Corrosion MonHoring Technologies
T Chevron Kaybob South
\ Sour Gas Inhibitor Evalustion-Using ECN

ek B-12, 2001 Bl 001 gt W orki g e

New Corrosion Monitoring Technologies
P Chevron Fort Liard FSM-IT installation
(] Used on 8™ piping - Can be ssedon small {27} 1o large
Xy dpatines (2073

£

Apell §-13, 2007 Bawntl Hri Pigaiina Warkahop Siida 11

T 2001 Upstream Pipelines
T “What's the Problem?”

+ Regulator Focus and Plans - Bernie Frost, EUB

{10min}

Detaited Review of Alberta’s Pipeline Faiiures -

Reg MacDonald, EMC, Keith Carmelf, BP

{10min)

- Current CAPPEUE Initigtive to Add Safety and
Environmental Conseguences o Spill Report
Forms -, lan Scolt, CAPP (10min)

+ Discussion - workshop session (80min)

-

BRI s ar oA IR comrmion wsayr

Introduction
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2001 Upstream Pipelines
“What's the Problam?”

* Third Party hits - 181 CALL, penalties for non compliance

+ EC - Reguiatory requirement for CP, only rare disbonded
coatings remain a problem, but small compared to 1IC

+ IS - ro “direct” regulatory requirement, how to enforce
proper Cl selection and application, inspaction, then

eventual replacement?

“I5 the ischnology 1o combat IC adeguate but not being used, or is
e technoiogy nadeguate 1o dothe ph?”

Aped $-17. 200 Wanelf 20001 Fgpialivat ' wrtichap Fiiolw 13

Introdaction

Working Group 3
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BANFF/26Mm
PIPELINE WORKSHOP

v"’/»

AEUB Surveillance Branch
Action Plan 2060-2004
Bemde Frost
Albarta Energy and Utilities Board

Ak b5 T, 00T Tttt 2003 Piguminn W amcaiveg

Monitoring Industry Activity and
Compliance Rates

“ Corrosion

= lnvestigate 100% of pipeling corrosion faiures.

Aped 312, 3001 Banll 2001 Prmstios Warkpeg S 13

@% Operations Inspections

+ Each Field Carder to conduct pipeling aperations
inspections on multidicensad systems, on 8 comparnios,
that meet the following criteria;
«  Operstors with high failure frequancy.
- Operstors with questionable performance;
- Operators of main trunk line systems.

- Conduct two provinciat pipeline operations
inspections based on criteria mentioned above |

Aprk b7, 2001 Biaslt 200 Pipatind W rtsteap Sy 14

Third Party Damage Investigations

+ Investigate 100% of 3~ party damage incidents.
* Investigate causes/trends of 3™ party damage incidents
and recommend strategies to reduce the number.

A B3 001 B 2001 Pipalie. W wramay e 1T

et improve Industry and Public Awareness
; of Hazards Excavating near Pipelines
* Conduct 3% party damage presantations to operators,
cortractors and public for education and awareness

purpose,

+ Encourage operatorsicontractons 0 oblain ground
disturbance certification.

et 57, 201 Slt 1067 Sigiva Wittahep Svde T4

a FAILURE INCIDENTS

+ Track increase/decreass In faitures

+ Track overall failure incidents compared to tolal pipeling
tengths

+ Anatysls of historical data for fallure frequency per 1060
kilometer indicates a 35% reduction over the past 11
yeans

Sped £33, 2004 Fhnl® G Fopuaiea W ity Kok 13
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é% Failures Per 1000 Km Pipelines éi FAILURE INCIDENTS

- Tracking pipdine faikires by product
+ This graphindicates fatlures byproduct asa parcentage of total

" . S . bl
\__’. I T R I R = The trend shiows saturalgas incidents with 2 slight decrease. Most of
tha incidents aredirectly related to internal corrosion fal bvthe

g Madicine Hat area which are sweet, low pressure, and typicdly include
¥

.

I

produced water
e + Muitiphasas groduct ines are showing a decrsass in fakure incidents
R N e aver the past 10 year spanDuring this 10 year span the infrastructure
N has Incraassd by 35%
+ Water Inas {fresh sndproduced) ars showving a decrease infaius
incldents. This is dus to materxlsefectionsuch as non-matailicplipe or

A g% andiiner instalations being used as corrosion barkers
] el 200§ Pgmiivear W b Tt 74

1T

%i FAILURE INCIDENTS é% Failures By Product

= Crude oliremains constantwith extermial careasion being the primary
failurs mechanism

+  Sour pas falures have increassd from 2%to 4% over the past 10 years
During this time the irfrastructurs has incrased by 50%

» A numbar of nev sour gas systams failingare a resuki of companies

nct batch intbiting their lines pricr to comissioning service and
othars dus to poor truct) doperating practi
Al 17, FODT Wl O Pagritis 9 RNy Fiide 12

é% FAILURES BY CAUSE é% FAILURES BY CAUSE

= Joirt fallures are higher than historigal, however this

* Internal corrosion failures increased 5% in the infrastructure is increasing as non-metaliic and coated pipe is
past year. being used more frequently 1o prevent intemal carrosion
» Sensitive leak detection equipment hag enabled ~ Weld failures are lower than historical
industry to locate minor leaks that previously < Cwver pressure fallures are lower, dus to more sensitive shut-in
went undetected for longer periods of tima. equipment being developed.
- External corrosion failures are jower than * Pips failures are down as manufacturing improves.
Historical. + Valves and fitting fallures are down as manufachering improves
» Third party damage (hils} are higher than « Other failures are up due o failures not being dug up io
historical. determine failure cause.
+ Construction damage failures are slightly higher
Wl historical, T e e 3¢ A ez a00e PP — o2t
2

Frost
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Failures By Cause

PAGLERSE $% CaLEr

DAMAGE BY OTHERS GRAPH

+ This graph indicates 2 historic view of the
nuriber of pipetines hif each year

The OH and Gas ind ustry is the leader in contact
damage to pipefines at 80%, landowners an ¢
other construction activities account for the other
20%

»

Apik 843, BE a0 Pigupdiern: W aritegs: Shina 75

Apel 411 2001 B 2201 Pradas W drmen St 20 A 352, 2004 Foslf Tt Py W rviaag Shinde T7
FRONTLINE STAKEHOLDER
AWARENESS
‘ D. Others 1980 To Present
@i erage By Others 1840 To Presen CORROSION GUIDE
'“q.tnsnc..z il orn;as_ . Eussmfhav-dwsiamdaCorrathnsmforuuby
SR R F_k‘-AldSurvnlian::t"‘: % to effsctivehand y

*  Enforcement action hag bean davaioped tafeai with
industry when a cor faikire U™ minor M
major *S” sericus.

Agril 52, 2001 Tl 200+ i, W Fhsaip

CORROSION INSPECTION
SUMMARY

+ Cur action glan dictates alf fail ba addi d. The
las mitigationplans d £ thay will prevent further

corrasion falures must ba reviowed and ;wiuami. Thase Idiowup
ravi favaluati may take pk ithin 12 he of the

ocourTance.
* Whan a faiisre the panywill be i d to iook at the
mitigation grogram of the faled pipelne and the rest of {rpipaling
Sysien.
* Al systems operating undeEUB JurisSiction nat itokng for
corrosion potentid shall be subjct to the Bil's akcalating
7 of entor action as cutiinedn L9054,

Ani B3 0T Bl 200 Piguains Wachanos S 230

@ Closing

+ The direction Figld Survellance Branch is taking as you
<an see by our operating ptan for 2001-2004, pipeting
corrosion fallures and pipeline integrity is our number one
goal.

* We appreciate the opportunity to attend the Banfi2o0+
Pipeline Workshop and the oppartunity to give industry an
idea of where we're heating a8 & reguiatary board,

+ Thank you and enjoy the rest of the workshop.

i SP e 23t Prpuiion W acstuy. Sl 11
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Presentation to
2001 BanfT Pipeline Integrity Workshop Group3

“Upstream Pipelines: Inspection, Corrosion
and Integrity Management”

Aprit 11,2001

lan Scott
Manager
Northern Canada and Pipelines

Working Group 3

Consequence of P7L Failures

» CAPP established Task Force spring 2080

Historical Perspective - Workshops
» First June 1993 Pipenne LHeline

« Second  June 1994 Pipeline Lifecycle
« Third October 1995 Managing P/L. Integrity

* Fourth April 1997 Managing P/L Integrity,
Planning for the Future

« Fifth April 1999 Managing P/L Integrity,
Technologies for the
New Millenium

* Sixh April 2001 Managmng P/L Integrity, A
Workshop for Sharing
Technology and
Experience

Conscquence of P/L Failures - Objectives

» Develop EUB IL which defines
= Minar, mederate & severe p/l failures
= enviranmental damage/impact
~ public safety
s Revise EUB Inaident repon form
- eovirgnment
- safety
» address w's p/ls initrally

1999 Workshop - U/S Risk Management/[C

+ Firsi session specific to upstream p/l issues

Consequence of P/L Failures - Environmental
Issuey

H Product."?————-—-———————w

Feclamationi : | Sasian
[Time frame:

CGoand Tse

s gémund }ﬂzj
: Water? 7} : Ei;wmzﬂ{ﬁ

(——— urface. H2

Wildlife | « o | Domestics)

ian Scott CAPP
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Consequence of P/L Failures - Public Salety
Issues

pr———
Product

N
‘[--mm«-:_ one
b oeren | Evacusted

|

Consequence of P/L Failures - Next Steps

« Task Force - soliciting comments
- EUB & NEB
~ CEPA
- APESC
» EUB/Industry 1o pilot “system” for one year
e Review with NGOs
» Amend as necessary
» EUB issue Interim Directive apply all releases
~ Pipeline Act ' -
« (il And Gas Conservation Act. Gipp

Consequences of Pipeline Failures
Definitions - Environmental

- law
- requires shomr-4om renodistion
- watieiy W dectease widhle populsinog of habion
- surface waer & dcugnaodfocally dmportant arcas hot affectat dy the release

*  Madinm
+ requircs mOre INEEIVE remcdiation.
may hove affected wildlife Babites bwl arc anlikely 0 fetrenc wikilife
Popu | MG
« aurface ~wee b dcsipuatoddocally wiporan: scas mot afTectat by D seicie

» High

FoqeiFTR IoRE-ET ThRCCiati, ¥ N S Casel tomipitts pemmimics may

not bt posibic

- may pormasavly damsge the afleciod ares & bive an wdverse effect oo
witdh{e popalacoss

- Sefface waicr s detignatadAccaily imponant wess iy be affecial by the

Consequence of P/L Failures - Process

A Pipeline Failure Detscted

! Field operator - preliminary sssessment
! faw,, taediom, or high

[Wrttten f’n‘ﬁ{}: BAENY

lan Scott . CAPP
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Framework for
Integrity Management of
Internal Pipeline Corrosion

James Ferguson
CorrosionWATCH Ine,

Working Group 3

Agenda

* Integrity Management Background

* integrity Management Today

* Application of CSA 7862-98 Risk
Management to Integrity Management
- Definition of Terms
- The Pracess of Risk Management
- Frequency Analysis

* Summary

Integrity Management
Background

"Federal regulations and industry safety
codes and recommended practices provide
guideiines for the safe design, operation
and maintenance of pipelines, but pipetine
operators still have to continually maonitor
and assess the condition of their pipelines
to prevent them from being seriously
degraded by things like corrosion, damage
from outside forces, which includes
excavating equipment, and operational
wear and tear.”

~ Dx. John F Kistner, NTSB Pipsling Bufaty Heartng,
Washington, DC on Nov 15, 2600

Iintegrity Management Today

« Upcoming US regulatory requirement

=~ APl Standard 1160 ‘Managing Pipeline
System Integrity’ {in progress)

- New OPS rule requiring integrity
managemant programs expected in Oct 2004
{OPS is the DOT Office of Pipeline Safety}

* Non-mandatory guidetine in EUB ID 9.7
~ CSA Z662-9% includes 'Guideline for Risk
Assessment of Pipeiines’
*+ NEB Cnshore Pipeline Regulations, 199%

= Section 40. ‘A company shall develop a
pipeline integrity management program’

~ Non-computsory guideiines

Application of CSA 7662-99
Risk Management Process to
integrity Management

Jamnes Ferguson, Corrosion WATCH Inc.

Definition of Terms
~ From CSA 2e82.69, R34

Risk management . me intagrated process of risk
ausersmant and risk confrol,

Risk assessment . the process of sk anatysis and risk
svaduation,

Risk anaiysis - the use of availabie it éhom ta
the risk, arlsing from hazards, o individualx or popuations,
proparty, o the snviroamant.,

Risk sstimation « the process of ombining the casulls of
fragusnty and cansequence SARYSIE 26 Produce &
measure of the lavel of sk baing analyzed

Risk evaluation - the process of judging the significance of
the absclute of rstmtive valiies of the ssiimated risk, Including
ihe identification and wvaluation of eplions for managing dsk.
Risk controi - the p of ducisl king for
risk, and dhe related bnpi 9 , and
Horing aclivities required ty ssurs the continuing
stisctivansss of the risk managsmant process,




Pipeiine Workshop

The Process of Risk Management
- From 58 266209, Appendiz B

AR mlet o,
Working Group

-
2

Summary

+ Reguiation of infegrity Managementis
approaching

« CBA Z562-89 Risk Management
progess framework can be used o
manage internal pipeline corrosion

Frequency Analysis for
Intemal Corrosion
integrity Management

« Use gualitative measurement for
frequency analysis
- Appiy “Judgement of experienced and
qualified engineering and operating
personnel, hased on known conditions,”
- From CSR 266285, £52.820¢)

+ Rational:

-~ Canditions that lead o internal corrosion o
pipelines can be identified and ranked using
sciantific models sased on availadie datz of
material properties, product composition,
and process congditions

I
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w, Banff 2001 Pipeline Workshop

INTEGRITY MANAGEMENT OF
ACQUIRED PIPELINE SYSTEMS

Colin McGovern,
Anderson Exploration Ltd,

A BT, 200 Bk 2004 Pipadivs Workanuy Shon 35

* Six Districts
« 1580 Field Lo cations
« > 5000 Pipelines

-Sweet Gas
Sour Gas
~Sweet Qif
*Sour O

Populated Risk Matri
Consequence

S i B Baewt 290 Fipatinm Workatag i 45

AXL Rigk Based Assessment Intervals

inhgrent Rigk Assessment interval
HighRisk . v Redesign
Medium-High Risk < ; * 1 Month
Medium Rigk * 1.2 Years
LowRisk - * 3.5V

Aord B-12, 2901

Banff 2001 Pipaline Workshop

ASSESSMENT OF PIPELINE SYSTEMS

+  New Systems
> Existing Systemns
© Acguired Systems

Fpsd e, B (T i W o Stida 37

MeGovern

e ——we———_ |

+  New Systems T
« Existing Systems

Acquired Systems

A 312 3001 Baedt 205 Pynaine Wearsarog Tate 38
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Banff 2001 Pipeline Workshop

Banff 2001 Pipeline Workshop

New Pipeline Assessment
Report

Aprk $-12, 2007 Barl 251 Pipaiing Wackenag e 50

Banff 2001 Pipeline Workshop
é, %
w ;
A SMENT OF PIPELINE SYSTEM.
[, H
*  New Systems Rt e
* Existing Systems 11 E : 5 e
+ Acquired Systems e EEE=
Egi R o= = =
g 2 e
Al $. L2, 2069 Baanif 2067 Pipang Waris by Kl & ¥ Muz.aw!r 7 _;;““%H Sl 42
w
e —————_| e ————mwl |

ASSESSMENT OF PIPELINE SYSTI

Assessment Order:
1. Failure History

+  New Systems
+ Existing Syste

xisting Systems 2. Inhibition Programs
© Acquired Systems < TTm 3. Operating Conditions
- Sour Gas
- Sour Oil
- Sweet Gas
- Sweet Oif

ArE 537, J00 Banll 1351 Piarsling Wkehop Kl 63 Apr i 12, bt B 2001 Foppin W arikion St 4
B ettt e B M—_.—J_I A s

McGovern 2



Banf{f 2001 Pipeline Workshop

Working Group 3

At 012, 200

Banff 2001 Pipeline Workshop

Transition of Knowledge
10 Operations Team

Apet 147, 20 N Bank 1001 Patinn Worksng ot

g 1132, 2003

Teansition of Knowledge to Operations Yeam

Failure Mechanism g

Basic Mitigation Principles
Periodic PIM Mestings
Cpen Communication

Bt 2051 Phpairns Warksimg

e 4T

Carromian [Op-cfthad ing
el
Inhinl
Carresion
Pitting Fitting
Corrosion Carrosion

Aged 12, 200 Santt 2001 Pipsinn Workshop Sticky 42

McGovern

Apei 12 jogy
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PanCanadian Pipeline Risk Assessment
Challenges for the Industry

* Probability of failure the most difficyit to
quantify

* Location of the next failure

* Modeling versus inspection

* Asset Inventory Management

» Resources allocated on consequence basis
not necessarily devoted to numbers of
incidents

Apei 511, 200 Bansl 2GT Piebng Wokshoy Hinw 51

PanCanadian Pipeline Risk
Assessmant

o S T U S,
P v

7 A o o vt

ok e

Ak 311, 2007 Bl 2004 Pigniiion Wornsnoy: Bise 57

PanCanadian Pipeline Risk Assessment

Pl Abaignt Wisiin
T i iy
[—— e
e

oo — S
WM?%MH

N AT e ]
e

I L ...

USSR R,

v

[

S " — [
P T
 —— T s s

@ e — o —————

S —c—

Apm $-12 2001 Bkt 200055 Pt ten W aackig g Snte 53

PanCanadian Risk Assessment

Workshest
s £ i 45 h e
ey mEe . e | 1 i RSEE T
: Pt

«
R 2 0 3 T

PanCanadian Pipeline Risk Assessment
lssues for Discussion

* Probability of failure the most
difficult to quantify

Ak Bt 01 Banfl 01 Ppmting Wertahop i 55

Probability of failure the most difficult
@wsm Corrosion Defact in Nisku Multiphase

Apet B 43 200t Tonlt 2 opaliens Wonition Yile 58

A, Miller - PanCanadian
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Probabitity of failure the most difficuit

1505 arvd 4557 MFL fogs oh Main 17 Fowins

ey, § AT b Sk Al L, R
AR W iy Linjet, ST wnsd ST AN OB Pt Wit Db

- g
= ¥ K ¥ £ ¢ R F Aoy

TREELTFIL

Sanans.

T FIRERNARERERLNLE
e

R T ek I it 1 T

PanCanadian Pipeline Risk Assessment
Issues for Discussion

« Location of the next failure

« Probabitity of inclusions as tha site of corrosion
pits-Cansortium subject?

« Modeling versus inspection
# CorrOceen Nguyen Bich

Ak 812, 2004 Rand 20371 Fipatne Warinug Bk 58

£ % \ Probability of failure the most

difficult

s s o —

PanCanadian Pipeline Risk

A Assessment
i A,B,C, and D Probability
[P — Rink Reduction Parameters a2

i $-12, 2007 Bt 25T Pipddn Woorkston Honle 03

Lk PanCanadian Pipeline Risk Assessment
3 tssues for Discussion

+ inventory

At T3, B Banlf 2501 Pipuna Wearinp it 4

gk 872, 200+ Batt 2004 Papmbing Wit Bhee &7

A, Miller - PanCanadian
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PanCanadian Pipeline Risk Assassment

PanCanadian Pipeline Risk Assessment
£ How often should we be repeating RA’s?

+ “Pipeline Quality Management
Programs”

* Owner/User system acceptable?
Should there be a group, CAPP or other
industry group, promoting this? Can an
upstream producer earn a salf —
auditing status?

L RER Sl 2007 Hpabesn WorLvhos Stk 2§

.
Ll
L
Aprh 042, 2001 Bt 2107 Plywine Wiorksnce: ke &1 Aprz e TS P
OWNER/USER AUDIT Pipeline Quality Management Program

Siic:

Api 13, 2061

PanCanadian Pipeline Risk Assessment
Issues for Discussion

* Resocurces should be alfocated on consequence basis not
nacessaniy devoted io numbers of incidents...or both?

* How often should we be regeating RAs?
Suggestions for managing large asse! nveniorias?

4

"

Define AB.C and {Probabity in Risk Matrixg

+ irdustry managed Pipsline Quality Management
Programs

Ak 313, S0 Shelf 2001 Fiptind W orssbap Sk 7

A, Miller - PanCanadian

Lad
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BANFFI2001
PIPELINE WORKSHOP

Chatlenges by Smalf Diameter Pipelines to inifne
Inspection Technologies

“How Do We Find 17

At 012 2007 s e Hipains Wariaton

Presenters

+ Dave Kwas - Pembing « Crude Laterals
- Karol Szikdarz « Shell - Sour Gas Pipalines

* Alan Miller - PanCanadian - Qiiwell Effuerst Pipelines
- Shallow Gas Pipalines

Apek 12, 2001 Bt 20071 Pigaiein Wackihug

Getting Started

Probabiiity of failure x impact of faiture

= As pipeline service increases, probability of faikires due to
COMosikon increases

Are there any corrosion defects prasant?
- After inspaction, what causes risk {o be reducad?

+ When to re-inspect?

g 837, 2081 Manm#uu-.wwuw Shda 70

Crude Laterals - Pembina Fipeline
Corporation

* %400 km. £52%) are less than 197 in diameter
* Various operating / corrosion challenges
¢ Pipeline Operators’ priorities

= Botiom line

Apeit 1%, 2008 Bt 2001 Hiaiiins Warunhon S 11

History

+ Aarial / ground Fatrols, gectechnical, leak Surveys
third party damage
ground movement
leakage
* Sman ool iogging, CPizoating surveys, product quality
maerials / construction defeciy
coutings
fatigue / cracking
imerngl / external Cofrosion
= Caomrosion manitoring methads for the most part failed

A 42, 7001 Bt 00 Pipdica Wormenag:

integrity Maintenance

* Noleak objective

.

Periodic internal inspactions
r Uefect assessmend using fitness - for - pUrpose criteris

+ Ssiective repairs

+ Data management

Ape 52, 2001 Ban 2051 Pigation Warkubop

Dave Kwag - Pembinz
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Conclusion What's Next

+ Smart tool accuracy * Other cost effective ways of determining integrity of a

shert, small diameter pipstine
* Risk of ieaving defect In the pipeline
+ When are digs absolutely RECRSESTY
« Rate of defect growth

* ls corrosion growth / life prediction models next?
+ All must be considerad when making pipeline repairs

+ Whara is internal logging headed?

gt 17, 204 Tnswtt 200 Piguiens W kb Aped 212 20 Bl 200t Figuing Workidop

Dave Kwas — Pembina E
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D

CURRENT SITUATION

Karol E. Szkiarz
Shwil Canada Limited

Prapared for Ban 2001 Pipdine Workshop

INSPECTION OF WET S0UR GAS PIPELINES

* Almost exclusively mag flux leakage {MFL}

Low te medium resclution tooils for
internallexternal corrosion pit depths

* Conducted as fraquency. or conditlon-based

-

Comarstons of pipsline integrity programs
{proactive & raactive)

CURRENT SITUATION {cont’'d)

ISSUES

-

Run reliability twith no problems) is 70%+

“normal” aspact ratio
* Otherwise resoiution is +/. 20% of wali

used a hot
Reagonablo local supply of contractors

.

* Medium resolution ~ +/- 10% of wall thickness for

* Data is electronic and hardcopy: hardcopy still

+

Tool/sensor fallures and spead probierms are sl
significant

Where pits are more RUNBIOUS cah miss
individual pits

Ghaost pits
Weid beads can cause small “dead zong”

ISSUES (cont'd)

FUTURE

asseassments

protective scales (need batch inhibitor)
 SUH nsed dig RTAIT datg to “caiibrate” run
No crack detection capability

» Length and width measuremeants are stilj vary
Conservative leading to conservative strength

Can cause initiation of carrosion by removing

-

.

increased faliability in data colfsction

Better software to anzlyzs all pits above & thrashold
desp (underway)

Higher rasolution tools

Butter tangth determination so that realistic pit
irteraction assessments can ba done {underway)

Calibration by pult through on all pipe DL/
thicknass combinations {underway}

New tools for finding and sizing cracks

Karol Sziklarz, Shel} Cansda Limited

Py
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Internal Corrosion Initiated at Wheel Tracks Made by In-Line Inspection Tool

T

Karol Szklarz, Shell Canada Limuted
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Shallow Gas Pipeline Corrosion

and Corresion Qemz'ei Strategy

o T - .

Working Group 3

WS well - loaded 1w
SWS well -« lpzaded condition

Y

R R

A S :
—— i

« radl Mg, o
Well with S1p00n sring
&
Lootal
SWS :
— o—

Formation Waters from Shallow
Gas Zones

Luahen Conticeand Sebflott | StarPow Wit M Baly Rowr Medkwe Sinsed
et Foeie | Sommont Hur P oWz Wadesneoks
oS el |5 1Gde ¢ I W N 1f o BEI - Lt
FRLS e 2 A LiE

& ptained Sorvgnin 000 F L5 P R iz b 5.5
G:::a;‘:: SanRn e L3 P iz i 3 i 3 W

- Y AT PR » I
lor, Panlanadion Resouroes

Condensed Water-No Localized
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Banff 2001 Workshop
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DRA bt (Prmingsy
L

THERRD N T MR C NN MW NG NN AT
i ek W My 44 i e 45
*
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el TR Pt s Sl sl ol By

A WOPin Mok ap o Y, 3401 30PN

u

X %

Dt e ——

Pipeline Corrosion Control
Options

‘Repair and Rapiace ovel fing

!

1
! Hachankcal Pig Equipment

]

3 _|Chemical Pig 2"mechanical ply group Rowlines

{5 _[HDPE Liners or FibraSpar (FRP reinforced, HDPE Liners)

|
& _ Chemical Clean 2", istal Wellite Rowerps at sighon strng wek |

[

FlowDrip and Dog Dish

Corrosion Mitigation-
Polymer Train

Adr Gelled Water

', Sodiurn Bicarb.
/ Gelied Pig )

\
. Corrosion Inhibitor

08-10-013-08W4 Well and Leak
Site

Alan Miller, PanCanadian Resources
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06-25-013-08W4 Flowline Leak : 4
Site - 06-32-013-08W4 Flowiine Leak Sit

06-07-013-08W4 Flowline Leak  12.29-013-08W4 Flowline Lezk
Repair '

A e B

Fisii ‘g’-r“n Penlanadian 2o

o < SRy Y R
L. & daieimidtilaiduis A Sl i
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f&erkmg Group 3: Lpstrea.m Highlights
Pipelines Inspection, Corrosion
and Integrity Management * 95+ Attendees
* Internal Corrosion
Co-Chairs: Dave Kwas (Pembina), * EUB Enforcement Ladder
Reg MacDonald {IOR), Alan Miller + CAPP/EUB - Spill Report Form
(PCP)

* Corrosion Monitoring
* Integrity Management Program

Main Outcome

Group Established to Work on Integrity
Management Program

Charnpions Identified

~Col in McGovern

~Ra y Price

* (oal: Share the Best Practices

* Task Force within CAPP

"

bk,

Summary Presentation to Plenary
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Working Group 4 - Construction, Repair, and Maintenance
Tuesday, April 10, 2001, at 10:30 a.m.

Co-Chairs: Reynold Hinger, Corridor Pipeline Ltd., Sherwood Park, Alberta

Mark Yeomans, TransCanada Pipelines Ltd., Cal gary, Alberta

Rapporteur: Greg Hill, Corridor Pipeline Ltd., Sherwood Park, Alberta

Speakers: Bob Smyth, Petro-Line, Nisku, Alberta

Kyle Keith, Foothills Pipe Lines Ltd., Calgary, Alberta

Topic: Petro-Sleeves - Stee] Compression»?ype Pipeline Repair Sleeves

Notes (Bob Smyth Presentation):

L

Bob Smyth passed around samples: a full-size cross-section of pipe and sleeve and 2 small-
diameter version.

Compression is achieved by pre-heating (expanding) the sleeve just prior to installation, so
that after installation, when it cools to operating temperature, its shrinkage is enough to drive
the pipe wall into compression.
The stress regime change effectively makes defects “disappear”,
How are Petro-Sleeves installed?
* exterior wall of pipe in the area of defect is sand biasted
epoxy gel is applied to pipe
sleeve is heated to appropriate (calculated) temperature
sleeve halves are installed — first top then bottom
special jacks are used on large diameter sleeves
® joining bars or “zippers™ are welded to connect sleeve halves
* sleeve is allowed to coo] and shrink
Additional points regarding installation:
* for pipelines up to 247, heating is done by hand torches; a specially designed heater is
used for larger lines

once the sleeve is installed

* longitudinal weld Caps can either be ground flush or a £roove can be ground into the
sleeve

* “Zipper” fillet welds are Very strong in tension (design factor is 0.92;

Test results:

¢ numerous tests have been done using strain gauges

* notable were tests done on two samples (with 5 fi-Ib Charpy values) at Canmet
(Ottawa):

Rapperiour's Report — Greg Hill, Corridor Pipeline Lid, I




Banff 2001 Pipeline Workshop Working Group 4

Petro-sleeve was applied to milled slot defect on test sample
multiple strain gauges were applied to pipe
internal pressure was applied to pipe 36,500 times at intervals of 40 seconds
(equivalent to 1 shut-down per day for 100 years)
* results revealed pipe wall hoop stress was never tensile, only compressive
e strain disappeared 75mm from end of sleeve
¢ edge stress was under 6000kPa, less than 15% of SMYS
* the test was repeated with a crack defect in the ERW seam:
e sleeve was removed and pipe was sectioned
¢ metallurgical tests revealed no growth in the crack defect
¢ ¢poxy bond remained intact

Questions, Answers, and Discussion:
Question (Trevor MacFarlane, Dynamic Risk Assessment):
* What weld procedure is used?
¢ Is semi-automatic welding used?
Answer (Bob Smyth):
¢ 7018 rod with pre-heat.
» No, semi-autornatic welding has not been used or found necessary.

Question (Trevor MacFarlane):
* Does the amount of compression achieved depend on the pressure in the pipeline
when the sleeve is installed?

Answer (Bob Smyth):
¢ The sleeve thickness and temperature are selected based on the pressure and diameter

to achieve the required compression.

Question (Shaun Dawe, Enbridge Pipelines):

¢ Have there been problems with ovality?
Answer (Bob Smyth):

¢ No.

Question (Shaun Dawe):

* Do the installation jacks force the pipe to round?
Answer (Bob Smyth):

¢ The intemnal pressure forces the pipe to round.

Question (Glenn Cameron, Greenpipe Industries):
e (an Petro-sleeves be used to repair buckles?

Answer (Bob Smyth):
» Petro-sleeves have been used for temporary repair of buckles prior to cut out and
replacement.

Comment (Ron Charlesworth, EUB):

P2
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* A permanent repair of a severe buckle usin

g a sleeve would likely affect the ability to
carry out in-line inspection programs.

Comment (Bob Smyth):
* Petro-sleeves have been tested on

1.5mm deflection of the dent was

and pipe was re-pressurized — def]

that Petro-sleeves “freeze” dents

dents. A test sample with a dent was pressurized —
noted during pressurization. A sleeve was installed

ection was reduced to 0.05mm. Conclusion was
in their configuration.

Question (?):

* Wasa load-transferring agent required?
Answer (Bob Smyth):

* No, the epoxy actsas a load-transferring agent.

Question (David Katz, Williams Gas Pipelines West):
* Can Petro-sleeves be used on sag bends and over bends?

Rapporteur’s Report — Greg Hill, Corridor Pipeline Lid,
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Answer (Bob Smyth):
* Yes. A recent example was on a 10in pipeline, where 3fi sleeves were cut to 1ft and
fitted on a sag bend. 2ft and 3ft sleeves were used at the transition to straight pipe.

Question (Wayne Duncan, CSI Coatings):
» What pre-heat is used?

Answer (Bob Smyth):
s [t depends on the variables, but typically 250°F for 16in-20in diameter and 550°F for

42in diameter.

Question (Ron Charlesworth):
e Does the pre-heat burn the epoxy?
Answer (Bob Smyth):
s No, the heat transfer to the flowing line creates a temperature gradient that prevents
damage to the epoxy.

Notes (Kyle Keith Presentation):
¢ Background:
¢ Foothills Pipeline is 1000km long, was constructed in 1980-1982
e coating is polyken tape, so there are some areas of external corrosion
e 13 excavations were done in 2000 as follow-up 1o an in-line inspection run
in 2000, 10 clock-springs and 10 Petro-sleeves were installed
the Petro-sleeves were fabricated from inventory pipe
e Qualification:
e Petro-sleeves were approved by parent company (TCPL)
¢ Foothiil approved weld procedure
* interpretation is that the sleeves can be used as permanent repairs for corrosion per
CSA-Z662 ®
e awaiting CSA approval for dents / cracks
o Advantages:
e better for longer defects than clock-springs
e less risk of contact loss between sleeve and pipe
» better resistance to SCC crack growth if SCC present
¢ can be seen by in-line inspection tools
¢ no welding to pipe required
¢ Disadvantages:
s high initial cost
* not good for significant bends
+ logstical (installation space) issues
e can’t see defect under sleeve using MFL tools
o Installation:
* sleeves are installed with pipe at 80% of highest pressure seen in last several months
» excavation is 600mm under pipe, 1500mm each side
¢ long seam is ground flush rather than sleeve grooved

Rapporteur’s Report - Greg Hill, Corridor Pipeline Lid. 4
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* pipe/ sleeve are blasted to NACE-2 finish
* back-hoe is used to lift sleeve and Jjacks
* welding inspector is used
* MPlis done on fillet welds
* €poxyis used to taper pipe to sleeve prior to re-coating
¢ Economics:
* inBC, $/ft are approximately equal to clock-spring
* for 36in pipeline, costs average $3000/ft
* longer defects favor Petro-sleeves, since less sleeves need to be used — 3 Petro-
sleeves are equivalent to 8 clock-springs
¢ Conclusions:
¢ Petro-sleeves are approved for permanent corrosion repair
* Petro-sleeves may be considered for linear defects and dents
* cconomics are used to decide between Petro-sieeve and clock-spring for specific
defects

Questions, Answers, and Comments:
Question (Reynold Hinger, Co-Chair):

¢ How do you determine that the annulus is completely filled with epoxy?
Answer (Bob Smyth):

¢ Epoxyis over-applied and squeezes out ends of sleeve.,

Question (Patrick Porter, Clock Spring):
* CSA-7Z662 allows the use of standard (non-compression) sleeves for permanent
corrosion repair. Why use a Petro-sleeve?
Answer (Kyle Keith):
* Several reasons - we wanted to try it out, we can use our inventory pipe, and it gives
us a better feeling about the integrity of the repair.

Question (Trevor MacF arlane):
*  What wall thickness do you use?
Answer (Bob Smyth):
¢ We typically use about 1.5 times the pipe wall ~ | believe for Foothills we used
13.7mm on 8.2mm pipe.

Question (Glenn Cameron):
¢ Do ditch widths depend on diameter?
Answer (Bob Smyth):
¢ Yes, to an extent - the 36in and 42in sleeves require speciai lifting jigs and, therefore,
a bit more clearance,

Question (Wayne Duncan):
* Have you looked at the compatibility of the topcoat and the epoxy used at the edge
taper?
Answer (Kyle Keith):

[
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¢ We haven’t done any specific tests but the adhesion appears acceptable.

Question (Chris Pierce, Pierce Consulting):
¢ Have you had any weather related issue with the annulus epoxy?
Answer (Bob Smyth):
* We have done installation in —40°C and very hot weather as well. We make sure the
epoxy is pre-warmed to ensure it doesn’t freeze during mixing. Once it is applied it is
kept warm by the pipeline and it will cure at 0°C and above.

Comment (David Katz):
¢ Regarding the previous ILI issue with clock-springs, we install steel banding with
clock-springs so the ILI tool can identify them

Question (Scott Arndt, Husky Oil):
* Have you any experience on hot oil lines?

Answer (Bob Smyth):
» We worry about the epoxy we are using at temperatures higher than 65°C — it loses its
strength. We are working on a solution now for well casings up to 300°C.

Rapporteur’s Report ~ Greg Hill, Corridor Pipeline Lid. 6
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Comment (Barry Martins, Rainbow Pipe Line):
¢ We have been using steel epoxy-filled sleeves since the early 1990°s. We were
concerned about corrosion continuing under the epoxy but have pulled some sleeves
off and have not found any problems with continuing corrosion.

Comment (Bob Smyth):
* Qur standard QC procedure after installation is to check for electrical conductivity
between the sleeve and pipe. We have always found that a bond exists and have not

had to install jumpers.

Question (Frank Christenson, FM Christenson Mettalurgical Consulting):

* What is the status of CSA-Z662 approval?

Answer (Bob Smyth):

* Wording was presented at the March CSA-Z662 meeting. Changes are required in
terminology — “bars” pot “zippers”, “stee] Ccompression sleeve” not “Petro-sleeve”,
etc. Petro-sleeves are OK for corrosion but not yet approved for dents, cracks, and
arc burns. Letter ballot approval for these defects is hoped for by the end of the year,

Question (?):
* Can engineering assessments be used per CSA-Z662 to allow use on dents, cracks,
and arc burns?

Answer;
* Maybe, but many comipanies won't go away from strict Interpretation of the basic

requirements of CSA-Z662.

Question (Frank Christenson):
* Have you sought approval for leak repair?

Answer (Bob Smyth):
* No, not yet, but we have done some initial testing on high-pressure leaks and the

Petro-sleeves have performed well,

End of Session 1
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Session 2:
Tuesday April 10%, 1:30 P.M., Max Bell Building, Room 251

Speaker:

John Hair, JD Hair & Associates, Tulsa, Oklahoma
Topic:

Horizontal Directionally Drilled (HDD) River Crossings

Notes:
e Summary of current capabilities of HDD

s drills of more than 6000ft have been achieved
largest diameter pipeline ever installed using HDD is 48in
drills have been done in rock, but are usually done in fine-grain alluvial material
an 3000 ft HDD crossing for 42in pipe is not unreasonable
we usually look at the history to determine if a proposed crossing is reasonable
some say a 10,000ft crossing will be done in the future
the only thing that prevents a successful HDD crossing is coarse-grain material
(having boulders / cobbles) — crossings where these materials are present are better
done a different way
s (3eneral design considerations

o 1% step is to define the obstacle — there are a number of ways HDD crossings can be
done, i.e. bank to bank, channel only, etc. — what exactly are you trying to achieve
with the HDD crossing and what are you trying to avoid?

» 2™ step is to carry-out an accurate, but not necessanly detailed surface survey, with
control point — a complete profile of the river bottom is not required, but
determination of the deepest point is

¢ 3"step to do a sub-surface survey, primarily using bore holes, occasionally
supplemented by ground-penetrating RADAR.

o Cross sectional profile (Overhead #1 — typical drill path profile):

» typically, HDD contractors should not design the crossing profile

¢ for bidding consistency, potential contractors should be given a profile at bid stage,
with profile tolerance and maximum / minimum radii of curvature

» key points on radii of curvature:

» the longer the better

o circular curves are laid out

¢ rule of thumb for minimum radii — 100 times (in feet) the nominal diameter

(in inches), i.e. 3000ft for 30in diameter pipe

¢ when HDD is done, the actual radii might be tighter

e JD Hair & Assoc. looks at worst case for stress analysis
» Puliing loads (Overheads #2 & #3 - puliing load calculations)

» JD Hair & Assoc. received research contract from PRCI to deterrnine pulling load

calculation methodology
divided dnll path into straight and curved sections to determine soil friction loads
use 0.3 as coefficient of sliding friction
incorporated fluidic (mud) drag
use 0.025psi of surface area for fluidic drag

* & & @
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Drill path design example (Overhead #4 target and worst case drill profiles)
* Target and worst case dril] profiles are developed and stress analysis is done on the
worst case
* Dnll path design ¢xample (Overheads #5 & #6 — typical stress analysis results summary)
* Part of PRCI research confract was to determine stress calculation and acceptance
criteria methodology
~ * API specification for combined loading on offshore platform jacket structures turned
out to be most applicable to the HDD case
¢ pipe is divided into segments
* combined tensile, bending, and buckling stresses in each segment are used to
determine acceptability of drill path
* Coating damage assessment (Overheads #7 & #8 - bearing load on coating)
¢ JD Hair & Assoc. received another research contract from PRCI to determine bearing
loads on coatings and assess potential coating damage
* again straight and curved cases Wwere assessed to determine typical bearing loads
* Coating damage assessment (Overhead #9 — test apparatus)
* 8in coated pipe was placed in a tank of mud and rotated while the ends of three rock
cores were forced against it
* forces on rock cores were determined to achieve bearing loads calculated in the first
part of the research
* coating thickness was recorded at intervals along the pipe under the rock cores at
Ohrs, 6hrs, and 12hrs
* point load test (sharpened core) was also carried out
* Coating damage assessment (Overheads #10 & #11 — test results)
* coating losses were only up to 15mils (worst sample) after 12 hours
® point load test showed rapid initial coating loss but rock point seemed to dul quickly
and continued loss did not occur
* conclusion was that previous practice of putting 80-100mils of wear coating on HDD
pipe was over-kill — 30-40mils was determined to be completely adequate
* Environmental issues (Overhead #12 — HDD drilling fluid flow schematic)
* drilling mud return flow will follow path of least resistance, which is usually along
the outside of the pipe but may be into weak or fractured areas of the soil
® common term is “frac-out”, but better term is “inadvertent mud return”

[ ]

Slide Show:

* Photo #1: 30in diameter pipe for high volume, low pressure pipeline, buckled during HDD
pull under the Houston Ship channel — d/t ratio of 100 was not adequate to prevent collapse
from external pressure

* Photo #2: 16in diameter pipe, buckled during HDD puil

* Photo #3: puiling head on pipe in Photo #2 — head hit rock and buckle propagated to pipe
Photo #4: 16in pipe being pulled under Mississippi River — Jots of mud at hole entrance
(normal)

* Photo #5: close-up of hole in Photo #4, now dry - mud disappeared through subsurface
pathways

* Photo #6: close-up of road surface with mud 0ozing from HDD dril] path 601t below

Rapporteur’s Report — Greg Hill, Corridor Pipeilne Lid, 9
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Photo #7: road in Photo #6 flooded with mud

Photo #8: mud seeping from roadside (Niagara Peninsula)

Photo #9: mud oozing up in grassy area

Photo #10: photo of grassy mud-seep area, several weeks later — no damage to grass
Photo #11: wash-out of road caused by mud-seep into sub-grade

*« & o » »

Questions and Answers:
Question (John Craig, Pacific Northem Gas):
+ How many bore hole locations are required?

Answer (John Hair):
¢ Usually one per 1000ft; 500ft spacing is considered close. The biggest mistake made
is usually depth not spacing — bores should extend a minimum of 301t below the

proposed drill path.

Question (Ron Charlesworth, EUB):
* Does polyethelyne make a good protective coating?
Answer (John Hair):
¢ Polyethelyne may be good, but the weak point is probably the girth-weld coating.
Some good results have been achieved with armored sleeves.

Question (John Craig):
* Do you have a rating system for coatings?
Answer (John Hair):
* 11 coatings were tested and each given a wear index, however, a better wearing
coating may not be better if it costs more — a cheaper coating can be put on thicker to
achieve the same result.

Question (?):
* Are liners (casings) ever used to mitigate problems with inadvertent mud retum?
Answer (John Hair);
¢ Not usually ~ the casing has to be installed using the same method as the pipe, with
the same inherent problems, so there is no benefit. In general, as well, the industry
tends to avoid casings where possible.

Question (John Craig):
¢ Can casings be used in localized areas?

Answer (John Hair)
* Yes, like near the drill rig, but they tend to cause other problem, causing the reaming /

pulling tools to get hung up, for example.

Question (Daryll Wendland, Alliance Pipeline):
¢ Are there any techniques to prevent inadvertent mud return?
Answer (John Hair):
¢ The best technique is to size the hole properly so that the path of least resistance is
along the drill path, as intended. In our experience, other techniques attempted to

Rapporteur’s Report - Greg Hill, Corridor Pipeline Lid. i
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Question (Jeff Sutherland, BJ Pipeline Inspection Services):
* How is the drill path verified?
Answer (John Hair):
® The best way is to monitor the pilot hole, with the driller, and look at the exit point,
Some have pulled a “geo”-pig through (both ways, distributing the error), for
independent verification, but this i rare.

Question (Mark Ottem, Trans Mountain Pipe Line):
* What is the accuracy of navigation?
Answer (John Hair)
* We can usually give an “as-bujlt opinion” within +/- Im in any direction.

Question (Dave Hektner, BJ Pipeline Inspection Services):
* How do you ensure radii are not to sharp? Is re-reaming an option?
Answer (John Hair):
* Best method is to use heavier drill / reaming pipe to start, Re-reaming has little
benefit; the second ream is deflected by the same discontinuities as the first,

End of Session 2
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Session 3: '
Tuesday April 10™, 3:30 P.M., Max Bell Building, Room 251

Speaker:

Barry Nichols, HCI Canada Inc., Red Deer, Alberta
Topic:

Enhancement of Pipeline Pigging Programs

Notes:
e Why enhance a pigging program?
* improve flow efficiency by removing deposits from walls
improve inspection results — deposits in pits can cause problems
improve film application on inhibitor runs
remove more solids per run
reduce differential pressure on pigging runs
¢ reduce chances of pigs becoming stuck
» Typical cleaning pig characteristics:
¢ mechanical force at pipe wall
e push material through pipeline
» Dbypass holes to create turbulence
e (leaning pig features:
* brushes
* not good for pits
¢ effectiveness is determined by stiffness, size, shape, and orientation
* cups/ discs
e effectiveness determined by thickness, hardness, shape, and velocity
e (leaning pigs are not designed for:
suspending solids in a long fluid column
penetrating solids
getting deep into pits
coating solids to keep them from sticking together
bringing solids out in a slurry
* Chemicals are necessary and used to assist cleaning pigs with these tasks.
* Case History #1:
s pipeline:
¢ 218km of 20in diameter pipeline (Toronto to Sarnia)
e originally in crude service
e cleaned and put into products service
s« problem:
+ line was being cleaned on-stream
e refined products were being contaminated with fine solids (iron-based)
¢ time had to be allowed in tanks to allow solids to settle
* 17 pig runs were made with 4 to 7 aggressive cleaning pigs per run, at
turbulent velocities
¢ atthe % point along the line, refined products were still going off-spec

s & & o

s & & & @
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¢ solution:
* chemicals were run with cleaning pigs, one chemical to penetrate solids, and
one to suspend solids
* two runs were carried out with 4 pigs in each run and chemicals selectively
placed between pigs
* results:
e after I¥ cleaning run, the products were clean up to the % point along the line
and the quality at the end point was significantly improved
» after the 2™ cleaning run, the exiting products were essentially as clean as the
entering products
* Case History #2
* black powder was packed into pits in pipe wall by previous cleaning runs
* after chemicals were added to cleaning runs and dry powder was removed, some pits
thought to be 20% deep were actually 60% deep
* demonstrates importance of chemical cleaning before ILI runs
* Case History #3
* offshore pipeline almost completely plugged with wax
* chemical was added to dissolve wax and forced through with pressure until line was
clean

Photos:

Photo #1: Case History #1 — pigs used.

Photo #2: Case History #] — solids in pipeline.

Photo #3: Case History #1 — samples taken as pig train bassed (front to back). Last sample is
crystal clear.

Photo #4: Picture of typical pipe wall coupon with deposits,

Photo #5: Case History #2 - dry powder in another pipeline.

Photo #6: Case History #3 - offshore pipeline almost completely plugged with wax.

Questions, Answers, and Discussions:
Question (Reynold Hinger, Co-Chair):
* Do you ever use gel pigs in these situations?
Answer (Barry Nichols):
» No - gel pigs are designed for lines in which regular pigs can’t be run. They are a
second choice for piggable lines because they leave too many residues.

Question (Ron Charlesworth, EUB):
* How do you adjust for speed?
Answer (Barry Nichols);
* We adjust the slug lengths for the speed and the type of chemical so that deposits are
exposed to the chemical for the appropriate time. Sometimes you don’t want to clean
everything on the 1 past if you can’t handle all of the sludge at one time.

Question (Ron Charlesworth):
¢ What is a typical slug length?

Rapporteur’s Report - Greg Hill, Comidor Pipeline Lid. i3
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Answer (Barry Nichols):
* Itis highly variable, depending on speed, deposits, and chemical types, but typically
several hundred feet for a flow rate of 500m3/hr.

Question (Ron Charlesworth):
* Can you comment on freezing? We had an experience with this.

Answer (Barry Nichols):
* We have to be very careful to mix the chemicals properly so that the slugs don’t
freeze.

Question (?):
* Is there a guideline for exposure time for effective cleaning (i.e. duration per mi} of
deposit)?
Answer (Barry Nichols):
¢ Again, this depends on the type of deposit and the chemical being used.

Question (Anton Walker / Jerry Wilkinson):
¢ How do you know before hand what deposits are in the line?

Answer (Barry Nichols):
* Youtry to get a sample if you can or you design for a wide range of factors. You
don’t want to risk improper cleaning before an ILI run, for example, and have to do
the run again or unknowingly get bad results.

Question (7):
¢ Are the chemicals hazardous?
Answer (Barry Nichols):
* No - we use environmentally friendly, non-hazardous chemicals.

Question (Dan Powell, Corrpro Canada):
¢ Can you recycle the cleaning chemicals?
Answer (Barry Nichols):
* No, like all surfactants (dish detergent, etc.) they have a finite life.

Question (Trent Van Egmond, TransCanada Pipelines):
* Have you heard of, or used, pin wheel pigs, and are they effective for cleaning pits?
Answer (Barry Nichols):
* Yes, but they have limited effectiveness for cleaning pits since they are travelling
forward and the pin wheels bend back. Again, chemicals are a necessity for cleaning

pits.

Question (7):
e What about compressor oil residue?
Answer (Barry Nichols):
* Again, a pig alone will smear the residue along the pipe — proper chemicals are
required for effective cleaning.
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Question (?):
* Areinternal coatings affected by the chemicals?
Answer (Barry Nichols):
* No - the internal coatings are very

strongly bonded to the pipe wall and cannot be
removed by cleaning chemicals.

Question (Dan Powell):

¢ What do you do about multi-diameter lines?
Answer (Barry Nichols):

Question (Jill Hopkins, Conoco):
* Have you heard of, or use
Answer (Barry Nichols):
* They can be effective for iron-based d
are very effective for larger magnetic
effective in combination with other cl

d, magnetic cleaning pigs, and are they effective?

eposits but they have limited capacity. They
items like welding rods, etc. They can also be
eaning pigs and chemicals.

End of Session 3
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PRESSURE CYCLING RESULTS cont.... PRESSURE CYCLING RESULTS cont....

Wi e

Yrendtife

+ Strains Measured burt‘ng Cycle Test - Strains Inside Pipe Under Sleeve at 6:00 Position

.

PREVIOUS TEST RESULTS _ PRESSURE CYCLING RESULTS

+ Mo Fallure Observed for the 16,500 cycies
« No Failure in:
- Pipe Adiacent to Siesve
- Steove Malerial
- Sleeve Fiflet Wald
- EOM Defect
+ Final State of Vessel Same as inifia)
. ?m Test éesuﬁs - Edge Efiect Strains - WP of Sleeve and Adiacent Pipe Revealed NG Cracking

Bob Smyth, Petro-Line 1
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sersonngt
— Raguires wider/

- Dafect can not be stz
s

+ Prags + Grit
Pot
. Nan
. I
) + Recoat
- ?\s - BiasT and! CoRSE

b ) (1] L
LNgsed 4@% — Epoy was ¢

* Mustgring LS we

» Diteh must have direct
and two welding rigs

=4
&
§
3
3
&
&
a0

« Handover documents - Petro-Lin

e shorer
fvr e

Kyle Keith, Foothills Pipe Lines Ltd. 2
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Datd3ardH7001 Pipeline Workshop Fite: Option 1 Pulling Loads  Sheet: Steel Stress Checks Working GrBaged of 1

STEEL PIPE STRESS CHECKS USING AGA DESIGN GUIDE CRITERIA
Allowable Tensile Stress Calculation, F,

9 AR

John Hair, John Hair & Associates
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Enhancement of a Pigging
Program

Banf#2001Pipeline Workshop

Why Enhance a pigging
program?
* Improve Flow Efficiency
* Improve Inspection Resuits
* Improved film application on inhibitor runs

* Clean with mechanical force between pig
and pipewall

* Push material through the pipeline

Banff, Alberta, Canada * Remove more solids per run
Apnil 9-12, 2001 * Reduce differential pressures on runs
Barry Nichols * Reduce the chances of becoming stuck on
HCI Canada Ine runs with heavy debris
Typical Cleaning Pig Typical Cleaning Pig
Characteristics Characteristics

* Brushes good for cleaning pipewalls
- by design not overly effective ar cleaning pits

- effectiveness determined by
* shape of brush
* how brushes are mounted

* Some cup/disc designs better for cleaning
- effectiveness determineg by
* hardsess of material
« thickness of material
- shape of contact edge
+ velocity of pig

* Bypass holes to create turbulence * size of brush
* stiffhess of material in brush verses material to be
cleaned
Typical Cleaning Pig Typical Cleaning Pig
Characteristics Characteristics

* Not designed to:
- suspend solids in fong fluid columns
- penetrate solids
=~ get deep into the pits in the pipewall
= coat solids to keep the from sticking to each
ather
- bring solids out in a shurry

Barry Nichols, HCI Canada Inec.
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Working Group 4

Case History

+ Pipeline History
— 218 km of 20" pipeline {Toronto to Samia)
- oniginally in crude service for a number of
years
— line cleaned, tested and switched to refined
product
» gasoline
+ furnace oils

Case History

« Problem
- line was to be cleaned on stream

— refined product were being contaminated with *
fine solids

- product would have to be put 1o a storage tank
0 allow solids to settle

= product would have to be filtered prior to
delivery

Case History

— At least 17 pigging runs were made with
aggressive pigs

-~ 4 to 7 cleaning pigs per run

~ velocities were such that line was in turbulent
flow

- Line fluids after all this was at marginal spec
1/4 of the way up the pipeline

Case History

* Solution

~ chemical solutions where run
* GBE 0 penetiRie tiaterial
* one {0 suspend sclids

— ¢leaning pigs were run in conjunction with
chemicals

. &
- job was done on strearn

Case History

+ Solution

- chemical batch solutions where run
¢ one fo penctrate material deposii
- one s Sushend solids
- cleaning pigs were run in conjunction with
chemicals
~ job was done on stream

Case History

* Results
- after run #1
+ Line fluids past test 344 along the fine
+ improved results at the end of the pipeling
~ after run #2

« Line fluids were about the same eonditicn leaving
the pipeiine a3 going in

e
3

kog

b3

y Nichols, HCI Canada Inc.
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. N Use of Petrosleeves
Working Group 4 Kyle Keith, Foothis Pipe Lines
Construction, Repair and Bos Smyth. Peto-Line
Maintenance * PetroSleeve - steel repair sleeve
* Foothills carried oyt a8 corrosion repair
Co-Chalrs: program in 2000
Reynold Minger, Cormidar Pip'e;lilee Lid *10 Patro sleaves instaliod
Mark Yeomans TransCanada Pipelines Lid. *10 Cio cksprin gs installad
Rapporteur: + Cost per foot of sleeve repair was
Greg Hill, Corrider Pipeline i.id. approxsmateiy the same
. Advantages/DEsadvantages
e t0T005 Piowiine Warksaoy ] BantEI00| Ppatine Workshop 7
Directionally 7

Use of Petrosleeves cons ed... . j .
onin Drilled River Crossings

John Hair, 5D Hair & Associatag

Discussion/Questions
* Dirills of more than 1800 mefres are

* CSA Z662 status? currently achievable

. Whif use‘Petz;osieeves versus * Important Design Considerations
Ciag.ksprmgs ? *De fine Obstacle

* Pefrosleaves and side and sag bends? *Surface and Sy bsurfage Surveys

-De sign Profila
* Protective Coating Research

* “Inadvertent Myd Returns”
L BanfT2001 Ppaiue Worksbop s Bea772001 Spetios Warksiop 4

* Installation on hot oif pipelines?
= Ditch widths for instaliation

Enhancement of Pipeline

Directionally Drilled River nee
Pigging Programs

Crossmgs Continued... Barry Nichels, HCI Canada Ine.
Questions/Discussion * Advantages of Chemical Cleaning
* Bore hole spacing? :iit;:fﬁz:’:zon resuts
* Is casing an option to prevent « Temoval of selids

inadvertent mud returns? * Three Case Studies
+ Polyethylene as a protective coalting? * Change in product service

* lron Sulphide

* Pipe Radius?
* Wax removal

BasTTHO] Pipwiiar Workeiop B S0 Bpvinr Warke hog

Summary Preseatation to Plenary H
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Enhancement of Pipeline
Pigging Programs continued..

Questions/Discussion

* Internal coatings?

+ Can chemical be recycled?
*+ Slug length?

+ Environmentai hazard?

Eua /D208 Prowtine Workihap

Summary Presentation o Plenary 2
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Working Group 5 -~ Stress Corrosion Cracking Hearings + Five Years

Co-chair: Robert Sutherby

Co-chair: Fraser King

Rapporteurs: Katherine Ikeda-Cameron and Greg Van Boven
Facilitator: Doug MacDonald

First Session - NEB 5 Years On

635 attendees, 3 Presentations:

Bob Sutherby, TransCanada Pipelines, Introduction
Doug Waslen for Joe Paviglianiti, NEB presentation
Walter Kresic, Enbridge Pipelines, CEPA presentation

General Discussion
Fraser King [NRTC] Is SCC a dead issue?

Bob Coote [TransCanada] SCC can’t be considered a dead issue. Among all those SCC colonies
is there any indication of what may lead to failure? Has the effort to date prevented any failures?

Bob Sutherby [TransCanada] # of significant or near critical defects from excavations in the
CEPA database is zero. No features have been found to date on excavations that were imminent
going to fail. Failures have occurred on hydrotest. Less than 10% deep and not significant is
what has been found. Corrosion has a scale that differentiates severity due to rusting or pitting
but in SCC when you find chicken scratches all you can do is try to learn from that and
extrapolate. Models are being used. We also now find circumferential SCC from inquiry that is
being managed, we now have high pH SCC in Saskatchewan and SCC that forms in corrosion.

Tom Pesta [AEUB] noted that there are no CAPP attendees?. Is this an indication that from an
Alberta perspective that CAPP doesn’t see SCC as important. AEUB issued letter 98-6 to
increase awareness by asking companies to submit investigations into what they are doing to
CAPP and CEPA. Interim directive is being drafted. SCC on CAPP member companies is
associated with tape coatings and asphalt coatings but no correlations with pressure and soil data.
Directive says if you have disbonded coating you have to include this in your integrity plan and
look at risk associated with this. SCC is an integrity issue that will have to be dealt with just ke
other integrity issues. CAPP has been good about collecting data.

Jim Marr [JE Marr & Associates] seeing SCC as described (under different conditions and just
as variable if not more) and is looking for soil correlations. Changing view point on how we look
for SCC and are to open everything, which is an evolution. Continue to develop modeling,
enhancing data mining. Consistent data collection is important. Most SCC is chicken scratches.
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Steve Lambert [U of Waterloo] What is your success rate during excavations? How often do
you find SCC?

Jim Marr [JE Marr & Associates] With tape coatings if conditions are there can find it but then
question of severity.

Using CP, dCVG now. Starting to see it in wax coatingwhere we did not before. Improvement
from six years ago is like going from Grade 1 to Grade 9. We still expect to find it but are now
looking for significant cracks and in different conditions versus how many have been prevented

by hydrotest?.
Steve Lambert [U of Waterloo] Are you 50, 80, 90 100% successful in finding SCC?
Jim Marr [JE Marr & Associates] Ranges from 60 to 90 %

Burke Delanty [CC Technologies] NEB CEPA showed. . ...since inquiry how many failures
have been found in service or even hydrostatically tested?

Doug Waslen [NEB] In 1996 there was a failure where SCC was at least a contributing factor
but none since on NEB facilities.

Ravi Krishnamurty [PII | There were quite a few advanced SCC found since the inquiry.
Unknown; Larger pipeline population in the United States. How many failures down there?
Jim Marr [JE Marr & Associates] 2 in-service SCC failures in the past six months.

Ted Hamre {Canspec Group] Transverse cracking recently led to leak on a small diameter line
not regulated by NEB.

John Craig [PNG] We have had 5 in-service and hydrotest failures in 1996 on a small diameter
pipeline. {(non- NEB, non AEUB)

John Beavers [CC Technologies] Failure analysis in the United States and Canada are
continuing to reflect the industry concern to eliminate critical flaws. Stats show that industry has
comumitted to spending resources on mitigating SCC and not that SCC is dead. Near critical flaws
aren’t normally found in excavations programs, digs are meant to be investigative and lead to
assessing the condition of the pipe.

Corey Goulet [ TCP] SCC is not a dead issuc. TCPL is applying mitigation processes (in line
inspection, hydrotesting) and have found advanced defects — we’re dealing with the issue. One
SCC hydrotest failure in 2000 on an AEUB regulated pipe. It behooves us all to not ignore this
problem. TCPL has prevented a handful of in-service failures in the last 6 or 7 years with

hydrotesting.

Steve Lambert {U of Waterloo] public only hears of failures not hydrotest failures or inline
inspection data. What does CEPA do with hydrotest failure data and critical feature data?
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Walter Kresic [Enbridge Pipelines] 99.9% of CEPA SCC data entered is chicken scratch which
therefore forms the majority of the correlations. Data forms part of knowledge base (data base)
but not enough has been collected to say anything about critical cracking.

Steve Lambert [U of Waterloo] Should the public know this more positive knowledge?.

Walter Kresic [Enbridge Pipelines] Yes, we need to draw out the more positive statements
and communicate them.

Bob Sutherby [TCP] We should say what we haven’t found as well.
Fraser King [NRTC] Liquid versus gas susceptibility. Any difference in susceptibility?

Greg Toth [Trans Mtn Pipeline] SCC not dead. Programs much more mature. Just one more
hazard to assess. Residual stress — SCC related to corrosion. We find SCC related to residual

stress.

John Beavers [CC Technologies] Metallurgical evaluation with near neutral pH (CEPA
program) the single factor with strongest correlation on gas hines was residual stress. SCC
colonies were found in areas of high residual stress. In liquid lines SCC occurs where significant
corrosion, wall loss or locations where residual stress are increased.

Fraser King [NRTC] Is there an affect of different modes between liquid and gas lines ( eg.
batch or continuous)?

John Beavers [CC Technologies] Lower R ratio sees more crack growth. Is this SCC or
corrosion fatigue? Observation that more cracking on liquid lines, I don’t understand it.

Steve Lambert [U of Waterloo] As a researcher I don’t understand why liquid lines are less
susceptible. Some statistics are biased because of more digs. Liquids lines should be considered.

Jim Marr [JE Marr and Associates]. We're beginning to see just as much SCC on liquid lines as
gas and as severe. Primarily non-classical. Doing more work on liquid lines. Looking more often.

Using CEPA guidelines.

Ravi Krishnamurty [PII] | see a systematic trend, higher pressure deeper cracks and in last 6
months have seen at least 2 or 3 liquid lines in warmer southern states with substantial cracking.
Dependent on cyclic loading and coatings.

John Beavers [CC Technologies] Any high pH SCC on a liguid line?

Jim Marr {JE Marr] Only near neutral pH SCC.
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John Beavers [CC Technologies] defines the difference between high and neutral SCC. High
pH SCC is primarily intergranular, high pH solution associated with little or no corrosion,
concentrated bicarbonate solution. Near neutral pH SCC is transgranular, found under tape
coatings, shielding of CP or inadequate CP, frequently associated with corrosion and near neutral

dilute solutions.

Ray Fessler [BIZTEK] One difference is high pH SCC is sensitive to temperature where near
neutral pH SCC is not temperature dependent. In gas lines higher temperature at compressor
stations have distinct non random distribution of SCC. Liquid lines are less susceptible to high
pH SCC. The probability is much lower of finding high pH SCC on liquid lines.

Fraser King [NRTC] Are there any individuals who have seen changes since NEB hearing?

Bob Sutherby [TC] Who was involved in SCC issues at the time of the NEB hearings?

¥ of room
Is everyone comfortable with language, cracking morphology?
Did inquiry change the focus? Has it changed the way we do things? Is SCC a bigger issue now?

Tom Pesta [AEUB] Knowledge of SCC has increased as a result of inquiry. Before that limited
to transmission lines, now SCC can be found upstream and in other areas.

Bob Sutherby [TC] Contractors are still seeing work with SCC. Comments from contractors as
to what the inquiry has done for them?

Ravi Krishnamurty [PI] after inquiry 2 things came out. Upstream started to look at SCC. And
other ways were looked at ~ more aggressive tool vendors were going after inspection
technology. More work in US as well. This will position us better in dealing with SCC in the

future.
Bob Sutherby [TC] What about in another 5 years?
Ravi Krishnamurty {PIi] Fewer failures, better position

Doug MacDenald [SNC Lavalin] Perceived lack of understanding of SCC is what started this
workshop in 1993. We’ve come a long way.

Bob Sutherby [TC] What about concerns with contact damage, internal and external corrosion?
Is SCC a small component of big picture?

Waiter Kresic [Enbridge Pipelines] The fear of the unknown is gone. We don’t know all the
hows and whys but we have more tools to keep industry safe. We are managing the child (since
the birth)

Steve Lambert [U of Waterloo] Yes SCC was a concern because we didn’t know that much.

Industry and NEB have done a good job in putting in procedures. SCC is ahead in how we
handle the problem and getting industry to act effectively. Still bigger hazards out there.
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Bob Sutherby [TC] Perception between first and second inquiry was that SCC was getting
worse, just tip of the iceberg. The potential hasn’t grown a whole lot over the years.

Tom Pesta [AEUB] SCC work is more defined. Understanding is that SCC is on many different
pipelines and now we are evaluating the risk. Chicken scratches will not result in ruptures.
Perception was that ruptures were the only outcome but now it is perceived that there is less risk.

Bob Coote [TC] SCC is still of great interest. The methods available for detection, to give the
operator confidence, are not yet available. Maybe hydrotesting. Great hopes for inspection
technologies to help us manage SCC.

Corey Goulet [TC] Hydrotesting only one method. Liquid crack tools are advanced technolgoy

and will eventually be available for gas. EMAT scan tool is progressing. This is why continuing
research is necessary - develop more cost effective miti gation methods.

Fraser King [NRTC)- Is the public safer?

Bob Sutherby [TCP] Is SCC perceived to be only a big company issue relating to big inch
pipelines?. Is there not a problem with smaller diameter pipelines?

Tom Pesta [AEUB] Quote from CAPP letter - downstream pipeline demonstrates sufficient risk
for SCC (acknowledges issue). Upstream does not possess significant risk. Will maintain data
base.

Fraser King [NRTC] Risk as opposed the susceptibility to SCC.
Bob Sutherby [TC] 600 to 800 failures a year, how many SCC?.
Tom Pesta [AEUB] We do not know because the AEUB data does not identify this.

Stan Wong [CC Technologies]. SCC hasn’t gone away. Have a better handle of SCC as a threat
relative to other threats. Corrosion bigger and higher frequency threat on smaller diameter
pipelines

Bob Sutherby [TC] Vigilance but not actively looking on small inch diameter lines.

Transportation Board had wanted to reduce pressure. This would have cost billions of dollars but
research has shown that this would be a short term solution at best.

Fraser King [NRTC] Any last comments before break?

Yes public feels safer.

Rapporteur’s Report -~ Katherine Tkeda-Cameron, NOVA Research & Technology
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Second Session - SCC Site Selection Models

57 attendees

Bob Sutherby [TC] Introduction

Issues from 1999 session
What are people using models for, role of models

Refocus

Discussion

Steve Lambert [U of Waterloo] Point of clarification. Deterministic should have been empirical,
based on correlations/observations or based on some understanding of the mechanism? What do

experts base their models on?

Jim Marr [JE Marr] Our models are based on observations from excavation programs. Apply
terrain data to pipeline conditions. Extrapolate this to other similar conditions on pipeline.

Empirical.
Steve Lambert [U of Waterloo] Any mechanistic models?

Bob Sutherby [TC] What about pressure?

Jim Marr [ JE Marr] Other aspects of operating pipeline are being included m models, temp, R
ratio, metallurgy. Focussed on correlations of terrain conditions; it worked but are now refining it
to get better conclusions. Bringing in IL1, CP data to help locate areas of disbondment.
Refinement. Used to use soil models before now use more data.

Glen Cameron [GreenPipe] We use GIS and Jim’s soil model, elevation maps, pressure, aerial
photos. Going down road with everything and will see if get empirical model.

Barry Martens [Rainbow Pipeline]. ILI will miss as much as soil model. First program with
Jim Marr there were 16 areas that detected minor SCC. Started using CD Ultrascan tool and
found deep SCC. Still used soils model because it finds the start of SCC but will the model take
you to the more severe? Used field observations of tape disbondment etc. but didn’t find SCC
necessarily on similar areas. Now considered wrinkles and trapped water against pipe. Found
free flowing water didn’t propagate SCC so now use trapped water criteria. Well drained soils
found severe SCC. Water table fluctuations would trap water, Can’t predict this but look for the

same scenario — SCC in corrosion.
Bob Sutherby [TC] Are you learning from your own experiences?

Barry Martens [Rainbow Pipeline] Metal loss corrosion with severe SCC - can’t find with
tool.

Bob Sutherby [TC] Sometimes we find all corrosion on one side of pipe.
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Barry Martens [Rainbow Pipeline] TRAPIL presentation of asphalt coated line, SCC at 10 and
2 o’clock position; Rainbow finds it at § and 7. Disbondment catch the water when it fluctuates.
On Rainbow tape on the top half is tight with TRAPIL they find their SCC on top opposite.

Makes sense.

Jim Marr [JE Marr] Where would operators be without models before other things were
available? At time of hearings they were quite valuable. Models can be useful for decision
making, optimize cost benefit and maintain pipeline integrity. Rainbow’s model works —have
compiled data and used info for making better decisions.

Stan Wong [CC Tech] Experience from 1930’s vintage, combination of deterministic and
mechanistic. Quality issues around construction practices.

Steve Lambert [U of Waterloo] What is the focus on where models are going? Models are
useful and have done good. How does the severity of SCC work into the model? We know there
is a lot of SCC. Fine tune models to pick out worst SCC. Will in-line inspection make models

obsolete?

John Beavers [CC Tech] Severity vs occurrence, Can’t use soils model to predict severity.
Good news is that there is not a lot of severe SCC with near neutral SCC. Use all types of input

data (manufacturer ete.)
Bob Sutherby [TC] What else can we look at?

Stan Wong [CC Technologies]. Early construction practices highlighted problems.
Circumferential SCC caused by construction practices of the day.

Reg Eadie [NRTC] You are looking for intersection of two sets. Topography of water/wrinkles
and change from chicken scratches to severe. Several techniques, models, ILI, hydrotests. Need
both or all techniques. Missing factor is extra stress, bends, residual plus susceptible conditions.
Intersection of conditions for severe cracking is rare.

Barry Martens [Rainbow Pipeline]. Not much success on 20 inch line when dug on soils model
or when dug on corrosion loss. CP was found to be going through outer wrap. Picoflex coating,
Soils model were not responsible just condition of pipe.

Presenter
Keith Leewis- GRI “Direct Assessment”

Bob Sutherby [TC] What do you need fo put into the model?

Keith Leewis [GRI] History, land forms, soil types, chemistry to relate data. Bottom of hills,
coating, these are all indirect measurements then you need to dig and find the truths,

Barry Martens [Rainbow Pipeline] If disbonded coating doesn’t have a chance for water being
trapped ie the disbondment doesn’t reach the edge of the tape, is that wrinkle put in to the
assessment?
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Keith Leewis [GRI]. May find that you need to dig in places where you don’t think you have
SCC and determine that — need to validate the predictions with the truth (digging the pipe)

Bob Sutherby [TC] What are direct assessment expectations?
Keith Leewis [GRI] Expectations to help NACE committee out in integrity management plan.
Walter Kresic [Enbridge Pipeline] Why the word direct assessment?

Keith Leewis [GRI] That word was chosen by regulator. Need to touch the pipe to take
measurements and to validate.

Wenyue Zheng [Canmet] What kinds of things do you look for in chemistry of soils?

Keith Leewis [GRI] General clay and moisture content. Each company has found own
experiences and should look to CEPA for the definitive answer.

Presentor - Scott Ironside [ Enbridge Pipelines] “SCC Monitoring Program”
John Craig [PNG! Is 34 inch most susceptible?

Walter Kresic [Enbridge Pipelines] 50% of line is tape therefore susceptible. Less susceptible
on asphalt.

Barry Martens [Rainbow Pipelines] Is there something that could constitute a change? Bigger
companies need to guide smaller companies with their knowledge. We rely on these companies

for direction.

Walter Kresic [Enbridge Pipelines] Based on all the work we’ve done, SCC is everywhere but
not severe. We feel confident to say our pipeline is safe whereas we couldn’t have said that in

1995,

Barry Martens [Rainbow Pipelines] What is different about models today that will guide me to
the more severe SCC? Any changes that can direct me?

Walter Kresic [Enbridge Pipelines] No panacea. Need models and this would be important to
companies just starting. We use all technologies — know that SCC risk is low.

Barry Martens [Rainbow Pipelines] What can a 12 inch pipeline company learn from you?

Keith Leewis [GRI] No silver bullets. Need to do it for your own system. If another company
finds a strong correlation it may or may not work for other companies.
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Barry Martens [Rainbow Pipeline] Industry follows a few companies and relies on them for
new information. Need to disseminate info to help small operator that doesn’t have money, tools,
etc who could still have a rupture that could hurt someone.

Bob Sutherby [TC] CEPA database is a source of information. Nine company members. Need
to continue to gather information and trend it.

Stan Wong [CC Technologies] Bigger companies making available mechanistic info. In-house
deterministic model mixed with mechanistic model in lieu of pigging for smaller diameter
companies,

Steve Lambert [U of Waterloo] Bigger companies can take models to next level. Did ILI make
changes to your model? How does this filter down to smaller companies?

Walter Kresic [Enbridge Pipelines] No changes yet have been made to the landscape models
from ILI data. Doesn’t matter where you are you can find SCC. FBE and properly applied
coatings are far less susceptible — good info for decision making. All additional data will
incrementally improve your individual companies decision making process.

Steve Lambert [U of Waterloo] As a small operator — you can’t tell me where severe SCC is?
With more ILI you should be able to correlate soils model better.

Walter Kresic [Enbridge Pipelines] Maybe that will happen.

Glen Cameron [GreenPipe]) Populated area - consequence of failures should be incorporated.
That’s what we are going to use in the GIS world.

Keith Leewis [GRI] Models should not be thrown away. Need all the tools in your toolbox.
Models and direct assessment need to feed each other.

Stan Wong [CC Tech] On small diameter — have their been any significant SCC on 16 inch or
less? ‘

John Craig [PNG] has had 5 hydro failures and 2 in-service failures on ERW pipe.
Glen Cameron [GreenPipe] Yes we found SCC on a 10 inch liquid line (from excavation)
Curtis Parker [Trans Gas] Limited amount of SCC on 12 inch and 16 inch pipe.

Bob Sutherby [TC] Rimby failure? SCC or mechanical damage? { want to be clear on what we
call these things.

Barry Martens [Rainbow Pipeline] Mechanical damage can mean wrinkles. Can this
mechanical damage lead to SCC.

Fraser King (NRTC] Closing comments.
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SCC Monitoring Program Components

+ Predictive Models
BANFF/2001 - Soif landscape models
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At Somebody recently told me that
> SCC is a dead Issue.

« Afthe NEB we stifi fee! that it is an issue that
raquires continued monitoring as part of an overall
integrity managemant pian.

+ Do you and your company think SCCis nota
problem?

+ Are you managing it effec tively?
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Ak 32, 204 Bt FT0t Pigaina W ockahip Sioda 2t Agrd 312, 2001 Hat? 004 Frpalira W orabag el 2

é% ; Five Years On ..,

» Are we 5 Years better?
- better at preventing SCC?
—is the public safer {oday than & Years age?
« Pipeding systems are § Years cider
- § Years more issues
—what ig the significance of § Years more
age?

gl 343, 00F Bant 200E Prgitiond Wurkanos Fhow 13

Bob Sutherby, Doug Waslen, Walter Kresic
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Working Group 5

1999 SCC Summary
Evaluation of SCC Defects
* SCC in Corrosion
* Bactenia associsted with SCC
* SCC is proportional to tape application
*+ How to document dig observations
* Role of hydrogen and microstructure
+ SCC at/near weld seams
» Liquid and Gas lines
* CEPA data base

SCC Site Selection Models

* background & objectives

* roles & components
* expectations of performance

« future of models

Evolving SCC Scope ...

* Near-neutral pH (Non-Classical) SCC

* High-pH (Classical) SCC

* Toe Cracks

+ Circumnferential SCC

¢ Cracks in Corrosion

« Other environmentally-assisted cracking

Objectives

*+ Create a refocus of issues ...

* What are models to vou?

* What goes mfo models?

* What do we use them for?

* Do/ Cap models meet our expectations?
= What is the future of models?

Background

» CANMET Workshop 1989

— based on TCPL ruptures and digs by

TCPL and NOVA
« Correlations

-~ Tape
- Soil Texture: Heavy Clay
— Drainage: imperfect to Poor

~Topography: Depressional or Slope Toe

Bob Sutherby, TransCanada Pipelines Lid.
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Working Group 5

Background

« Reference to an “SCC Seil Modei™
in the 1996 SCC Hearing
~ deterministic based on excavations
~“10 identify areas of potential

susceptibility”

* Recommendation 4-2: “ ... developa
predictive model to identify and
prioritize sites ..."”

Background

+« CEPA SCC Recommended
Practices (1997}
—"“8CC Predictve Model”
— Terrain, Pipe Design, Coating
Condition, etc.
- Condition Monitoring

Background

» Alberta Energy & Utilities
Board

= BoRyEtasTe eRg, gsplalt or

coal tar
—hoop stress > 45% SMYS
—installed 1968 - 1973

Background

+ “Direct Assessment”

—to comply with L1.S, Federal Law

—INGAA developing

- remote inspection information to provide
an “equal measure of pipeline integrity
with pigging and hydrotesting”

~ Keith Leewis of the Gas Technology
Institute

SCC Site Selection Models

« Why are we discussing models? Why are
we niot teaching models?

+ Models embody your knowledge of vour
systen based on your experience
—age, region, fluid, operation, coatings,

1c.

« Correlations and Mechanisms may be

portable

« Entire Models maynotbe ...

Model Considerations

« Deterministic or Mechanistic
+ Poriable

« Different Coatings ard Conditions
+ Correlation to failure?

+ Applicability to different forms SCC?
« Who develops models?

Bob Sutherby, TransCanada Pipelines Lid.

o]
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Roles of Models Objectives
* Regulatory ‘Compliance’ * Create a refocus of issues ...,
* Integrity Management * What are models to you?
* Due Diligence » What goes into models?
* Risk Assessment * What do we use them for?
* Research Tool * Do/ Can models meet our expectations?
* Other? * What is the future of models?

Bob Sutherby, TransCanada Pipelines Lid.
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Banff 2001 Pipeline Workshop

Working Group 5 - 8CC

SCC Working Group Summary

= NEB Heatings - 5 Years On
< 5years wiser? Or 5 years oider pipaiines?
- Bob Suthery (TCP) NEB hearings background
- Doug Wasisn {NEB) surmmary and recommendationg
from hearings
- Waiter Kresic (CEPA) gave the industry response to
the récommendations
- i1 1983, SCC was ane of the magjor issues that
prompted this workshop, ant now we are in a position
Wask.., ...

Aprt #-12, 2001 Bl 2001 Pimio Wirtabop

$CC Working Group Summary

* 8 8CC a dead issue? Consensus says Not
But the “fear of the unknown™ is gone
~ at least from perspective of liquid fines with in-iine
inspection tools
— dry gas fines stil waiting for improvad tachnology
- InService failures have been largety prevented by
proactive actions

A 552, 200 Bt 2004 Piguping Worksnap

@ 8CC Working Group Summary

- Liguids versus Gas ted %o a difference in opinion on
perception of rigk

+ Some say equal suscaptibility

+ Some say liquid Yines e less susceptibie

+ Good topic for next workshop

+ SCC on upstream fines
~ upstréam under-represenied (scheduting confiict)
~ do upstream companies see 5CC as an irtagrity

issue?

Apri 12, I Bl 2001 Prijudiein Workabop

SCC Working Group Summary

* Shauld the Canadian Public feel safer now than they did 5
years ago?
Yes, but require continuing vigllance and education

A 12, 001 Bandl 2901 Pimiinn W riahop

$CC Working Group Summary

+ SCC Site-Selection Modeis
~ What are they? What are they used for? What are our
expectationsT What is the fture?
~ Bob Sutherby (TC) Background to models
- Keith Leawis (GT1 Direct Assasarment
~ Scoft irenside Enbridge) Landscape modeis with L7
- current models do sot predict severity, st aoourrance

AptE £33, 20601 Bt 2004 Frpaievs W orkshon

SCC Working Group Summary

+  Evolution in Models
+ More focus on predicting deeper cracks
* More types of info being incorporated
= Modeis must be companyiine gpecific
= Bt coropanies showid share gxperniencest
= Direct Azsessment
- Formatized U S, initiative {tlext corrasion, SCC;

Aped 12, 3001 Bl 2001 Fopating W trkiahop

Summary Presentation to Plenary

[




Banff 2001 Pipeline Workshop

éi SCC Working Group Summary

« Direct Assessmaent

- Modeis by another name
= Modeis will stiff be required even with good crack L1 ools
»  Modeis wil be developed more quickly with the help of iL1
« *NEED TO USE ALL THE TOOLS iN YOUR TGOLBOX"

gk 312, 0% anll 200 Piymsivre W orkahop

Summary Presentation 1o Plenary

Working Group 5 - SCC

i




Banff 2001 Pipeline Workshop Working Group 6 - Coatings

Working Group 6 - Coatings
Wednesday, April 11, 2001 at 10:30 a.m. — 5:00 p.m.

Co-Chair:  John Baron, Skystone Engineering
Co-Chair:  Doug Waslen, National Energy Board
Rapporteur:  Kelly Mabbott, Skystone Engineering

Introduction and Objectives of the Session
* Approximately 90 people attended the workshop.
* The objectives of this session include:
Update issues identified in 1999 coatings workshop
Discuss proposed changes to the CSA Z662 code for coatings
Define Cathodic protection compatibility with coatings
Address field assessments of in-service coatings
Qualification of coatings for high temperature applications
Quality of field applied coatings
Discuss selection and application of repair and rehabilitation coatings

SO0 00COoOo0 o0

Presentations

Paper #1: Doug Waslen (NEB)
Proposed Changes to CSA Codes
Changes should be published in 2002
NEB SCC inquiry report stated to develop standard tests and incorporate these tests
Work started in1998
Do tests determine performance over the life?
Reduce variables
Five areas of the team
©  Assess coating suitability
* Pipeline Design, Construction, operation, Coating application, Service
changes, interaction with different coatings, coating storage
o Test the coating
= Isolate from the environment, adhesion, ductile, strength and adhesion,
resist degradation, compatible with CP
& Application and QA
* Documented procedures for shop and field applied coatings. (QA test,
personnel standards and application)
© Re-assess coatings in formulation or manufacturer or location of manufacturer
© Re-assess coatings for change of Service for the pipeline
* Change in service, change in temperature
o Coating Selection, Assessment, Application and Inspection

...O...

Rapporteur’s Report Kelly Mabbotr, Skystone Enginecring i
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Discussion and Question

[ ]

Tom Weber (Trenton) — Is this document going to have minimum criteria?

¢ No. Liability of CSA. Must update the criteria. Some controversy and arbitrary.

¢ John Baron (Skystone). The changes to CSA represent a new approach that involves up
front engineering to avoid last minute selections.

Mike Reed (TMPL) — What about replacements. Do we need to assess the coating for every

minor repair?

s Assessments are specific to coating products under certain applications

Jim Banach (SPC) — How do you audit a system with no criteria?

e That is difficult. It comes down to professional judgment.

* The assessment of the coating could be audited

» Can you tie short-term tests into long time performance? Is there anything published with
a minirmum time required?

# No. It is up to the design of the pipeline. No minimum amount of time is stated.

Linda Gray (KTA Tator) - How do you handle new products? How do you set criteria now

for future possibilities?

Glen Macintosh — When does this take affect?

* Once it is approved by the CSA technical committee, it is basically waiting to be
published.

Jacques Eberle (Hempel Coatings Canada) - Why do you have to re-assess if you change the

manufacture location. One plant to another.

e Itis a QA issue between plants.

BC Gas — Application of this new practices, I'm I responsible for a good coating throughout

the pipelines entire life. That is tough to do.

» Assess the factors listed in CSA. The requirement to assess these factors in conjunction
with service life is not required.

¢ The possibility of service changes should be looked at.

How do I certify that the coating meets the end use? I will not go out and test 100 coatings

for one pipeline. 1 will leave it up to the coating manufactures.

s Regardless of who selects the coating, the accountability in meeting CSA is still on the
owner. This is consistent with current requirements.

Becky Morse (Charter Coatings) — Almost impossible to compare coating to coating due to

testing differences. The new CSA requirements will help.

Neil Hay (Koch) — New requirements for application procedures are included in the new

CSA revistons.

Paper #2: Tom Jack (Nova Research and Technology Center)

Rapporteur’s Report — Kelly Mabbott, Skystone Engincering 2

¢ Coatings and CP Compatibility

o (P and Coatings. Must work together.

¢ A checklist was presented to aid in the definition of CP compatibility. Is it damaged by
CP, allow CP to get to the pipe even when the coating fails, does not generate a damaging
environment, will coating save the day without CP, and minimize the CP costs

» Examples: Use the checklist to answer the questions on that sheet.
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© PVC tape wrapped coatings. Contains plasticizers and therefore fails over time as
the plasticizer comes out. NOT CP Compatible.

© PE Tape. Shields the pipe from CP. NOT CP Compatible when failed.

© Asphalt Coating: Become permeable. Water and CP do getin. Promotes SCC
environment. NOT CP Compatible.

© FBE: Under ideal conditions it is good. But with a defect you get cathodic
disbondment. Is pretty good CP Compatible.

o New Coatings: Are these compatible, do we need CP?

* FBE used in combination with tape wrap 2 meters away. FBE was good,
tape had SCC and corrosion.

Discussion and Questions

John Baron: How far under a disbondment can CP protect?

® Not far, 10 to 15 cm but based on salinity of electrolyte. There are some exceptions due
to geometry

Jim Banic (SPC) - With respect to multi-layered coatings, if the substrate was coated no

shielded was seen.

Peter Singh (Shaw Pipe) - Do you need massive dishondment, Where does soil conductivity

come into play?

* A pipeline buried in rock had water soaking into the asphalt but due to the rock no CP
could get to the pipe and corrosion occurred.

Becky Morse - What is your experience with extruded PE?

* Itis pretty good. Not a lot of problems.

Linda Gray - CP disbondment with FBE. Has there been active corrosion found under FBE

with good CP?

¢ Aida Lopez - Some, but very little.

¢ Becky. You get breaks in the blisters and the low PH water gets out.

Jamie (Dupont) yes there is some in the states.

¢ Tom Webber - If the blisters are intact, there is no problem. This implies that if the
blisters break your CP may not be good enough.

John Baron — Over protection may have been a problem.

Jim Banach (SPC) - 1t is stil] possible to get corrosion due to low current densities often used

for cathodic protection of FBE coating pipelines.

Jim Banach ~ Are there going to be changes to the testing with regards to coating

disbondment? (i.e. longer CDs).

* Merely extending current test duration is not seen as appropriate. New test methods are
required,

West Coast Energy. Pipe handling with Tespect 10 coatings (i.e. trucking). Is there anything

within the new CSA with respect to this?
* No specific changes.

Lunch Break

Rapporteur’s Report - Kelly Mabbott, Skystone Engineering 3
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Paper #3: Becky Morse (Charter Coatings)
¢ How We Perform Field Assessment of Coatings
* Objective: Discuss the elements of field assessment of pipeline coatings.
» Two clements of Inpsection. Visual Inspection and Non-Destructive testing.
Visual Non-Destructive Assessment
o (Girth Weld Coatings
o Sleeves, Tape, and Other
o Types of Defects
» Application problems, Environmental issues, blisters in Epoxy, clockspring
compatibility
Destructive Testing
Coating Integrity and Condition of the metal
Field adhesion tests (X, triangle, peel)
Holiday Testing (ASTM Test Method or VoltageQ
Cathodic Protection Compatibility
Decision Path (Large or Small)
o Short term moisture barrier
o Long term mitigate corrosion
e C(riteria for Repair
o Compatible with existing coating
o Compatible with operating temperature
o Work for intended service

Discussion and Questions
e Tom Weber — Do you feel that field coatings require third party inspection?
* Yes, coating in the field must be applied in the same way as in the plant.
e Phillip Nidd (Agra) — Do you have a data base with special problem relating to coatings
» No but would consider being involved.
e Jim Banach (SPC) - What are the main causes of coating failure for shop and field?
¢ Shop applied failures ~ 1) Coating used in the wrong application.
2) Operating conditions change.
o Field applied failures — 1) Application!
s John Baron (Skystone Eng) — Holiday Testing, what is your recommendation for field
holiday testing. Voltage?
» Bob Bauer (TCPL) Low voltage (67.5V) wet sponge works well. Must educate the field

personnel
s Mat Cetiner (Anteris Corrosion) ~ Should vou include soil condition.
s Yes

e Stan Wong (CC Tech} — Some of this information may already exist in the CEPA database.
Glen Macintosh (Denso) — Absence of service history complicates coating assessments.

¢ Tom Weber - Look at current leakage testing procedure ASTM G18. It tests coating current
leakage using a 6-volt cell tied to a specimen and measures the leakage.

¢ Phill Ned — One other factor is economics associated with coating application and cure time
extending pipeline outage.

Rapporteur’s Report — Kelly Mabbott, Skystone Engineering 4
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Barry Martins (RPL) — Want to ensure coatings fail safe. We don’t put rock shield on in
rocky areas so that when it fails, CP gets in.

Paper #4: Peter Singh (Shaw Pipe Protection)

How We Select Coatings for High-Temperature Pipelines

Most applications are in heavy oil and conventional Oil and Gas

Temperatures between 85 and 135 degrees C.

Coatings used include tapes, FBE, multi-layers and liquid epoxies.

Failure modes include embrittiement, cracking, disbondment, and mechanical damage

from shear stresses.

* These coatings must do all normal coating requirements in addition to high temperature.

* Temperature effects include, lowered adhesion, reduced mechanical properties, increased
permeation, increased corrosion rates and increased thermal stresses.

* Evaluation tools? There are currently no industry standards for assessment of high
temperature coatings.

* Techniques used include cathodic disbondment, hot water adhesion, mechanical
properties, glass temp, oxygen induction time

e Water adhesion at 95 degrees may not apply to service at hi gher temperatures.

* Cathodic disbondment increases with temperature and peaks around 80, less disbondment
may occur at higher temperatures, 90-100C.

* Mechanical property tests do not indicate change in value with time dependence.
Glass temperature (Tg) can be measured by DSC or DMA and is a reversible step change
1n properties, which limit the usefu] temperature.

* Higher Tg for multi-layered systems gives higher adhesion and peel strength.

* Oxygen induction time determines the antioxidants level in coating

* Accelerated heat aging. You age it at a higher temperature to accelerate the temperature

effects and then extrapolate to determine coating life at lower temperatures.

Discussion and Questions

Rapsorteur’s Report - Kelly Mabbatt, Skystone Engineering 5

Linda Gray (KTA Tator) Temperature 85 to 135 degrees C, is there liquid water in conduct

with the line at those temperatures?

¢ Often not since the heat tends to dry out the soil surrounding the pipe.

Tom Weber (Trenton) Do you know if any tests can be made to predict high temperature

effects?

* There needs to be a number of tests to do this.

Bob Smyth (Petroline) do you have experience around 300 degrees C

* No

Anteris Corrosion — In the CP disbondment graph presented, how many different types of

coatings were used?

* The idea wasn’t to focus on the materials and the numbers, but rather on the trends; data
is not specific, but more general in nature.

Linda Gray - Indication tests are used how about Shore D Hardness. Is that a good method?

* Yes, itis a good value. Indication is more time dependant.
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o John Baron (Skystone) the Tg slide with multi-layered coatings. The “Primer” appears to
have a large effect.
s Yes

e Becky Morse (Charter Coatings) -~ The choice of primer is very important. Effects of long
term CD and long term water adhesion testing.
e D has been run up to a year. 30-60 days is more typical. Solution has to be changed

and therefore you require more in depth procedures.

e Jamie Cox (Dupont) is seeing pipelines around the world and was designed for around 110
degrees C using 3 layer polypropylene coatings.
e Most qualified with CD tests around 100 C.

¢ John Baron (Skystone) Can you update us on CSA Z245.20/21 activity.
o Discussion on 3 layered polypropylene standard, but has been on hold.

e Stan Wong (CC Tech) — Are there tests for high temperature coatings for areas around
reciprocating equipment
e Some

e Doug Waslen (NEB) Peter has looked at many tests; can you combine tests to gain more
information?
¢ Some of the testing is heading in that direction.
¢ Jamie Cox (Dupont) — This is being done in some projects
o John Baron (Skystone) ~ There needs to be more testing and standardization in this area.

We have a lot of learning to do.

Paper #5: John Baron (Skystone Engineering)
o How We Achieve Field-Applied Girth Weld Coating Quality
e More emphasis on Field-applied coatings.
o Number of failures due to external corrosion has started to come down based on AEUB
statistics.
Coating performance testing will be included in the next CSA Z662
Field applied coatings used on risers, repairs, welds etc.
There are many different types of coatings to be used in these cases
Problem usually due to bad design and application
Shop + Field = Coating System. The system must be accurately designed
For application most people use “Manufacturers recommendations”
Application QA will be in CSA including procedures and personnel
Industry needs increased standards to address field coatings until they reach a level close
to shop applied quality.
o Shop applied coatings have good quality programs in place resulting in generally
acceptable quality coatings.
Field coatings also have to address insulated pipelines
e Coatings also have to deal with soil shear stresses not just peel and pull off adhesion.

. # 8 = & & & »

Rapporteur’s Report ~ Kelly Mabbott, Skystone Engineering 5
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Discussion and Questions

¢ Jamie Cox (Dupont) — Do you have shear stress numbers that are normal
* 0.12mPa is a normal resistance stress quoted in some European standards. This may be a

little high. The trick is getting these values at the operating temperature required.

* Becky Morse (Charter Coatings) — Can you comment on specialty joint coatings for long
bores
* People are currently using a Fusion bond spec (CSA 7245 .20) to apply liquid coatings.

There needs to be a separate standard.
¢ Wayne Duncan (CSI Coatings) — How do you qualify people?
* Usually a training seminar is put on by the manufacturer
* Bob Bauer (TCPL) — Anyone touching the coatings is trained and will be tested.

¢ Mark William (Canusa) - It is the manufacturer who is doing the training. There is a large
problem in many companies not asking for the training.

¢ John Morse (Charter Coatings) — Quality of sleeve application goes up with trained people
and using the same trained people all of the time. Destructive testing could be used to keep
the crew honest. Cut off a few sleeves with criteria of good and bad.

*  Wayne Duncan (CSI) — You need more than a one day seminar. What is needed is quality
procedures usually produce by the manufacturer. Possibly legislate that the people are
trained and that the shop applied standards are met.

* John Baron (Skystone) — maybe you have to require more accountability by individual
installers. For example, requiring putting the installers name on the joint. Gives some
accountability.

e Mark William (Canusa) — Some companies have procedures that have destructive testing to
prove quality. (i.e. cut off every 100% sleeve and test it)

* John Baron (Skystone) — Is this happening for liquid systems as well?

* Wayne Duncan (CSI) — The do destructively test a percentage of the joints as required.

« Phillip Nidd (Agra) — His people go through a 3-day seminar. They also explain the results
of bad coatings.

* Jim Banach (SPC) - Is it in CSA now to qualify personnel
¢ Yes, personnel training is part of the new requirements.

¢ Bob Smyth (Petroline) — The inspectors should go through the same training. Often
misinformed inspectors can create application problems by lack of knowledge of application
procedures.

Paper #6: Aida Lopez (TransCanada Pipelines)

* How We Select and Apply Repair and Rehabilitation Coatings

* Two main repairs are large scale Rehab and then the small rehab during excavations.

* Large Scale Rehabilitation started in 1996. Currently use line travel equipment on areas
over 5 km.
Smaller sections, there are patch repairs, entire joint repairs.

¢ Depending on the coating uncovered and the length of damaged coating, different repair
coatings are used.

Rapporteur’s Report - Kelly Mabbott, Skystone Engineering
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e Depending on the pipeline operating temperature at that location, again different coatings
are used.

¢ For cold temperature applications, the best coating are the Vinyl Esters and the
Polyethylene

« Surface preparation is critical. Usually near white blast.

s For yellow jacket girth welds, they use liquid epoxy with the ends wrapped with a
sealant.

Discussion and Questions

[ ]

Jim Banach (SPC) - Liquid epoxies with yellow jacket. The PE needs more treatment, has

TCPL looked into this.

e Bob Bauer — Treating the PE with Fluorine gas does help a small amount. Although, due
to safety this is not practical solution.

Are there any safety problems with asphalt coatings?

e Yes, asbestos in the coating is a problem. People wear the appropriate safety clothing,
wet blasting techniques used to eliminate dusting.

Peter Singh (Shaw Pipe) — The flame oxidation of the PE can be completed to help the bond

although the spec is very specific.

Jim Banach (SPC) — Flame treatment helps but there are others such as chemical treatment

that may be more effective.

Phillip Nidd (Agra) — The 2 layered epoxy continuous to cure after burial. Have you seen

problems due to backfilling before coating is cured?

e Backfilling should not occur if the coating isn’t properly cured in accordance with TCPL
specification for hardness.

Conclusions and Recommendations — Working Group 6

Proposed Changes to CSA Codes

*
[ ]

The new changes will help define the coating selection, application and quality processes.
The challenge will be to implement the new requirements.

The CSA Z662 Commentary document currently being prepared should include information
on these new requirements such as the flow chart from the presentation and background

information.

Coatings and CP Compatibility

-

The definition of CP compatibility is not clearly understood.

The proposed definition will provide a basis to assess coatings.

It appears that not all coatings will meet the definition discussed.

The CSA Z662 Commentary document currently being prepared should include information
on the definition of CP compatibility.

Rapporteur’s Report - Kelly Mabbott, Skystone Engineering g
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How We Perform Field Assessment of Coatings

*

You need to perform visual and destructive testing to assess coating condition.

Operators should take the opportunity during excavations to assess and document the coating
condition.

A database to capture this information would be a benefit to industry.

A simple checklist was presented which could facilitate the gathering of coating assessment
information.

How We Select Coatings for High-Temperature Pipelines

* & 8 @9

No industry testing standards exist specific to high temperature coating qualification (>85C).
High temperature coatings have been used based on individual company specifications.
CSA coating standards should address high temperature coating requirements.

High temperature assessments will likely require accelerated heat aging methods.

How We Achieve Field-Applied Girth Weld Coating Quality

The new CSA revisions, which include selection and application requirements for field,
applied coatings, will require more up-front design.

The industry requires a frame work for applicator qualification (including training,
documentation and quality assurance)

The compatibility of the field applied coating with the shop applied coating must be assessed.

How We Select and Apply Repair and Rehabilitation Coatings

Coating selection for repairs and rehabilitation are dependant on the various factors such as
pipe temperature and existing coating specific to a location.

Often a combination of coatings is often required to achieve compatible system.

Each repair method has documented procedures for application and training.

General Conclusion and Recommendations

A coatings discussion group should be established to enable regular and ongoing
improvements,

It appears that coating selection, application and quality controls are improving.
Coating technologies are continuously improving to meet the needs of industry.

Rapporteur's Report ~ Kelly Mabbott, Skystone Engineering 9
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Proposed Changes to CSA
- Coating Assessment -

Warking Group 6 - Coatings
Boug Waslen

e -7, il 15T Fpaions Wodunop

Working Group 6 - Coatings

CSA Changes - driver

+ Racommaendation from NEB SCC Inguity Raport 1086
~ Deveiop standard tests where none currently exist that
determine whether a coating will meet the
requirements of 7682 (9.2.7.1) over the anticipated
service life of the pipeling.
- incorporate those tests in the approprizie C8A
standard

Apcl #1351 Bank 2001 Fppk Wotkiton Ehige 7

@ CSA - action

+ Formad a work team in November 1998
+ 23 mernber ieam
» Chaired by Doug Wasien

Ll 932, 2004 Tt 2061 Pipwion Wonsiey

@ Work Team - direction

+ Chailenge was to decide whether or not available tests
{CBA, ASBTM) determine performance over the service life

*+ Testing combined with in-service performance is ideal

+ Testing alone makes assurnptions and is open to
intarpretation

* Reduce variables (address application and quality issuas)

Al 9,12, 2304 Pand¥ 2007 Pipritie W ockihop S &
et Work Team - results Coating Suitability Assessment
0 A3
+ Focussed on 5 areas + Pipefine design
— 85385 Soaling for suitabiity » Construction
- test the coating + Operation
- application and quality assurance procedures + Coating application
~ reassess coatings or cbaages in formadation, < Service changes over the pipeting life
manufatture or change in manufaciurs «  interaction with dissimitar coatings
~ reassess coating(s] for changes in service » Duration and method of coated pipe storage
{temperature, etc}
Aard 337, 2oy Bl 2001 Fipadiom v renarag Sbe 5 A 52, HOEY Bt 200 Priguiiit Yk P S &

Doug Waslen, National Energy Board
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ég \ Caoating Testing

Working Group 6 - Coatings

+ Properties listed in 8.2.7.1
~ iseigtion from the ervirorenent
~ adhesion
- ductite
~ strength and adhesion
- rasist degradation
- compatible with CP
+ Tests listed in Apgendix L

it .32, 200+ St 2004 Papeiny Warkabop

éim Application Procedure

+ Shop and Sield applied coatings shall have documented
proceduras and suitable quality programs
+ Procedures shall include:
— QA tests for coating and abrasive
« personnel gualifications
— @ppiication requirements

Al #.12, 2001 Bt 2001 Ppalse. ¥ ekt

@ Reassessment Requirements

« Changes in service, change in tamperature elc

location of manufacture

Aprik $12 2001

Bl 2007 Prpmine W oncshan

« Coating formulation, change in manufacture, change in

St ¥

Doug Waslen, National Energy Board

MRS Coating Selection, Assessment,
v Application and inspection

April 11 2001

b 20
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Biisters in Epoxy

—— Nor-Destructive Assessment

Type of Defect

» Application

» SEpvironmenia:

A T 06T T e d e T ' A T it 2000 inpuairae W et G & :

Pl Other Coating issues e "
£ \ _ G , St Destructive Test
— Goztet ClockSpring Repair — =

« Cozting integrity

- Congition of Metal

Ao 912, 000 Sl T Piparin Wi A ) Ape 3, St 2001 Prpiran e o T
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éi 1 Field Coating Checklist

Type of Coathg- Maindine/connecions
Line pparating tenp fure
Age of coating
Carndition of Coatng!
Vigual condiion
Holay tasl
Adhesion
Action iaken- imrrediale
Action fecommendad- long lerm

A 152, 2008 Delt 20+ Pigualine W it i 14

Becky Morse,Charter Coating Service Lud
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Coatings and CP Compatibility
Tom Jack
NRTC

Apet 512 2001 Baedt 2N ot Wi

The Basic Problem

ron s an abundant, inexpensive metal used in the

fabrication of much of our infrastructure including
pipaiines.

Unfortunately it is also

* Thermodynamically unstable in most operating
environments = Corrosion.

« Subject 1o a degradation of its mechanical
properties in some environments => Cracking.

A 12, Bkt 2001 Pripalicak W arkitm: o

é% The Protection of tron (0}

In pipeline appiications, iron is maintained in its original form
by a comination of
- Cathodic protection (CP)
~ Protecive Coatings

These systems must work togather for the life of the facility in
ail foreseeabie circumstances

-~ CP must not damage the coating in a way that exposes
unprotected metal to a damaging environment

~ The coating must not sllow a damaging environment (o
contacd the metal sutface

Agrh 12, 20F Baf? 7001 Brpation Winkbimg Side 3

é% A Mission Statement for Coatings!

A coating must prevent a damaging
environment from contacting the pipe surface
under afl foreseeable circurmstances over the

life of a facility in & given operating
environment.

Any deviation from this expectation is a goating failure.

Ak 613, 2001 Bl 2001 Pyt W ikt St 4

ég , CP Compatability - A Check List

A CP Compatible costing s one that
~ is not damaged Dy CP in a way that leads to coating
tfailura

- afiows CF {o protect the pipe from comrosion even when
darnagaed, defoctive or degraded in service

~ doas not generate a damaging envirenment at the pipe
surfane a5 a resull of interactions with P

-~ provides vaiue by
+ minimizing the cost of CF installations and operations
+ providing stand alone protection when necessary under
ali circumstances

Apri 112, 2008 Bl 051 Pimaline ¥ orkghog: St §

Tom Jack, NOVA Research & Technology Centre

@% 7\ CP Compatability Check List

PVC tape PE tape Asphatt FBE New

CP promows coating tniure?

L protects pips despite conting
cutacix, d

Harmiul svviconment forms st pips
aurface through astive of CF¥

Lous of CF oaver matirs - this coating
will abwriys saven the day?

Coating shways keaps cont of CP fow?

A 17 2001 Barst FXT Prpmisia Workshop Sl ¢
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AN faulkd a Really Bad Coating be
- &P Compathie?

+ Some nSIONCE 252ENGS
sroned very SuSGBH S 2
degrounien & seTace

~ gglswar PG Tape..

o ¥ 3 contng dograted GaREY.

Would the CP

Compathie?

AN Are PZ Tape ‘Wrap Coatings CP
5 *

R Compatible?

. Poiyeryiens ape s nET o
mileral Ceprataen
andergroung SUTean
gaphond 0 alow
groungwaier ereonment !
reach e pipe swisee

v gsuaily, The eovronment
ek is e npe S

o Smages TromTP
~ Remans naar o 7
« grsion (MK
- Near Newsesl phH SO0

i 3, M Bt 50Kt Prgpard MR Gt

1 Asphait & CP Compatible Coating?

+ Asphal san bpcome
= perreRe over Uma I Sende
sioveng water ang CP
regch e underyng poe
- Slpchrarnprmich reasons
o the sieel suriace Dol
Uy 3 corenirpied Jasc
soaston of NaCOMNaHCO,
The i anCROWRRI are 100
“ruph” 10 20w CRBSLE SCC
GF CRTCRAON
IS THIS A CP COMPATIBLE
COATING?
WRAT ETHE CP S LOST?
s 272, 20 Sl 00 Paibims i aehustinn i &

et is FBE CP Compatizie?

. Unger Ged creurrsianes, FRE
sertorrrs wel wili sight CF
cusren] atter years of senvice.

. Bt pisiers areseen o heteil

= rugh ol SORON S formes e
one poe
- no coroson? To grking”
- gispondmenis are Jenited 2t

02
5 this & OP compatibie
coating?
A P, 00 Bl 20" Pijplats Warnahey Lame T

Pcian What about New High integrity
yer L0ENgs, B5
- 3 tough tuter comng foF
FepTANICE IYCAECH
- 3 pipe weriae Loalng
Wt axcelien? hesen

Lre thage OF compatibie?
Mgt cowid poSSiY 30
wreng?
Do we gver need CP?

s B33, 2000 Tt 004 el gy a1

- L R ALY T [, v T e 3 B e
Tom fack, NOVA Research & Tethno:0gy Certre

TEST CASE FIELD EXPERENCE
A tesiy gegraces Mg T HOMENLOULCONTRIGH orobien
- e.g. WG Tape =0 DBk Sheidrg

s probiemwih geiting TP up?

Semonced et FE Tane = "Classl” sheting Fsbndeen
s ptraEnn, redisl g 300

Permeatie asphal > Has anane seen hghy o BOTY
s Bhimited Hroas Shaw SUruRSD

and nevinsinr 800
xnown for poosen o SO0
oo parfar) of touse

nswers 46 the Test Question

TEE - ooTanG Digters = N&E
New Hgh ntegrty Congs = W2

Fid

a0 VIL 05 et 200 Pt 1 AN o T

b



Bznff 2001 Pipeline Workshop Woriting Group 6 - Coatings

AN \ CP Compatibility of Cozting Fallure
o Medes does Matter!

+  Bustered FEE corlineg © Adugani PE Tape Uoatng siowes

i Mught pH ssllon - ne - sorason and SO0
CTITOBOH OF STRTRING .

tord

Tom Jaci, NOVA Research & Technology Centre
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Assessment of Coatings for High
Temperature Pipelines
Paoter Singh, Shaw Pipe Protection
BREDERT-EN AW

g $12 2001 Bt 2004 Ppratird Wmtiaiog R
-

BACKGROUND

+ HEAVY Ol

+ production using steam assist

* mansporiition at high temperature
» CONVENTIONAL OIL/GAS

+ deep welis

+ temperature maintained o prevent hydmtes
formation and wax deposition
+ TEMPERATURE
« >B3C and up to 135C

A $-12. 2007 Barkt 201 P Wirkachog:

@ EXPERIENCE

+ COATINGS
-~ tapes, FBE, muit-ayers, liquids
+ FAILURE MODES
— embritiement and cracking
~ disbondment
— rechasical damags fror shear stresses

Aped 312, 3064 e 200t Pogaiorn Woarsahen

6% : COATING REQUIREMENTS

+ COATING MUST PERFORM ADEQUATELY:

~ at notmi construction conditions
- and startup/shutdown

+ IN ADDITION TO
— high temperature operation

Agwil 912, 201 B 2001 Mgt W orkshop

TEMPERATURE EFFECTS

= Deterioration of mechanical properties
+ Lower aghesion

+ Thermal degradation

+ increased permeation

+ increased corrosion rates

< increased thermal Stresses

At 32, 200% Rasl G+ Foainn Wosriaing:

éi EVALUATION TOOLS

* Mo standards exists R high temperaturs coatings
v Avarsty of test mathods and acceptance criteria are used
to evaluate high temperaturs costings

* specific method depends on coating type

Ameh 813, W0 Bl Tt Fplmsn. & Cria il

Peter Singh, Shaw Pipe Protection
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ég ; TECHNIQUES

» Cathodic dishondmeant

+ Mot water adhesion

« Mechanical properties at temperature
~ adhasion, indentation, {ensite

« Gilass transition temperature Tg

« Oxygen induction time OIT

« Accelerated heat aging

At 817, 2000 et 208 Pigrasins 'Warkahos

gg ; : CD/Hot Water Adhesion

« Modified ASTM G8/G42, CSA £245.20
+ {emperature and time
« Limited to ~ 95C
v Does not indicate performance af higher temperatures
« Good for comparison of coatings

At $-12, 200¢ Bt 001 Prpaime Wankbhop

opeil 347, 201 Saell 20051 Pipedine W arashop

éi MECHANICAL PROPERTIES

= Properties include:
— axihasion, indemation, tensile, etc.
= Measurement of propedy at termperature
= Doas not indicate change in vaiue with time at
temperature

Al $12, 2004 San Tt Ficabina Warkstwg

é% ; PEEL ADHESION

«wnunmuBR
-

Agri §-17, 701

é%k INDENTATION

:' i’l

Peter Singh, Shaw Pipe Protection
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mi nical Apalysi

Tg POLYURETHANE
bl .
+ Fundamertal polymer property e o :

- revarsible step change in properties beyond Tg
- indicate Eimiting temperature due o property changas
+ Does not indicate thermal degradation

Aprd 342, 20011 Bl 106 Piaaion Wwkitop Aped $-12, 20 Baatt 2 it Woarkatuy:

a -

* Coatings with primer coat having a higher Tg display:
- higher adhesion and peel strength
~ lower cathodic disbontdment

- higher retention of adhesion after immersion in hot
water

PEEL ADHESION

At 12, 2001 Banl? 00t Ppaiion W ooty

Apri B-12. 01

é% | ciT é%_ ACCELERATED HEAT AGING

+ Determination of antioxidant level in coating Aging at temperatures above design to aceeierate efiacts
- Auto-oxdation is principal method of degradation of

«  Meagurement of properties
polymers in high temperature

+ Extrapoiation of resuls to determine property of hifetime at
+ Modification of CSA Z245.21 OFF method design temperature

+ Good sclentific tool
= Must be tailored 16 specific stuation

.

Ak ST, 208V Bt 0 P Wirsiiap

At W12, 20051 Gt JH Pipaiicn Warkshas

Peter Singh, Shaw Pipe Protection
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é% LIFETIME PREDICTION é% 4 CONCLUSION

30 yr mm . " " . No standard exists for assessment of coatings for high
i / {}, . X temparature service
- o . Various test methocis with acceptance criteria being usad
- f( ./z : + validation of assesgment methods reeded
-
e
- 4206~ S

mEwENERRN
gl $1L G et 2005 Py W arkabvig it e 12, A Bl 00T Fyplivea W achiiig

Peter Singh, Shaw Pipe Protection
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Quality Field Joint Coatings
Moving from Afterthought to Priority

Coating BACKGROUND
-Pipaline

* Increased awarenass of extemal comosion GWNEFs,
reguiators

+ 13 of Pipeline failures dus 1o extemal corrosion

+ C5A 2662, will include of coating testing fo ensure

John Baron performance criteria met. (Clause 9.2.6. 1)
Skystene Engineering Inc. _
Aprit B.53, B¢ Bt 200 Pigalivs W artahog L Aprit § 12 2004 Bandt M6 Pipaiing W arksiog Stiow 2
BACKGROUND OBSERVATIONS

Field-applied, primariy to girth welds, repairs, risers, elc.

+

¢ covers the shop-applied coatings cut-back length plus
wald.

usualy appiied by construction contractor or suib-
contractor

* coating materials normally specified by the end-user,
based on experience.sic

A B 3E, 2063 Eand¥ 300 Pigatinn Worteion Sida §

+ External corrasion at girth welds is & significant
concem

* Problem often caused by pocr design and/or fieid-
application quality

A 813, 2061 Brt? 2001 Pigmiinis Wrkahon Shnn 4

éi DESIGN

+ CSAwill require an assessment of shop and field
applied coatings!!

« Shop-cig + FJC = Clg System

« FJC's ofien evaiuated independanty

A AT, 2001 Tt S0 Pigasliont Workphop Siicha §

APPLICATION

- Application standards generally based on
“manufacturer's recommendations”

+ most pipelineg companies have in-house standards for
applcation

© personned raning & malenal qualification normasty
specifiadh

+ code requirements for application quaiity are coming
irr CSA Ze621

Al 43 2001 Bandt 0T Plaion Wenkinop St

Johm Baron, Skystone Engineering Inc,
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Lot instailation Specification | What's Needed??
S ; car

- Steel prepargtion cleaning. drying. sre-neat, weild « neusmry Desgn sendards o aderess FUC
sniater grinding, weid sesd condilon - Spediaaing

. Materzis and appicaton eguipment - igrment with SHOp-2opiet Coal ings desigT
P : i performanse oritena
- Appiicaton procedun

. - . - SOT-Epoiet contingsinerniace BarfrTmancs
. Quaificaton of materials anc persoenne.

« Quaity verficatan

- P cormpatbity
- anpitaton Qualty « persenndl SAlests

e 312, A Taaenlt TS e A xRty Gom 7 g 73, 0T P i d E

5
Tre

a—— Challenge for the Next Millennium

20, .
>—-———‘; FiC's- “The fulur

. ;j:éesased specialist vendors 1o Suppiy ans 8pRYy wrs galect and Eiﬁps‘j’ o pe‘;??— coatings, na
-+ FUC quaity wit match or be very ¢iose 1o shea- manner, which significantly owers ;Jioaab.‘.*y‘
anpied coating @ caity. of external corrosion eccuring over the e of
+ Cndes wii require materials susification and appied the sipeling”
quatity performance.
. TIO mpterials will further aveive 10 maieh snod-
applied coatings evolnion

A BT RO et T Pt WA g Aprs 37, 2081 Sanlt 00" Pt W it 10
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Iohn Baron. Skystong Engineening inc.
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Banff 2001 Pipeline Workshop

BANFFI2001
PIPELINE WORKSHOP

Repair and Rehabilitation Pipeline Coatings
Aida Lopez - Bob Bauer - Kevin Orthner
TransCanada Pipelines

0

Mg B2, 3901 Al 2001 Pipahein Workstiop. TransCanada

Working Group 6 - Coatings

PIPELINE SYSTEM
INFRASTRUCTURE

+ 38,000 km of System -~ Wide
Transmission Pipelines

~15,000 km of Transmission
Pipelines {Mainline}

—-21,000 km of Transmission
Pipelines (Alberta)

g 4062, 001 Lanf? 200t Fpmiine Workehtp Sk 2

Apei 312 3004 .

@%‘ COATING SYSTEMS

~ Existing Coatings + New Coatings

— Asphalt - FBE
- Coal Tar - Liquid Epoxies
- Tape - Extruded
~FBE Polyethylene
- Extruded - Urethane
Polyethylene - Vinyl Esters
- Urethane
ApEd B2, 01 Bandf 2001 Pipalina Warkehop s 4

éi\ Deteriorated Coatings

» Asphait

A $12, 200¢ Fayn 001 Ppainm Woekikop S §

éi Deteriorated Coatings

« FBE & Urethane

Age 12, 2905 Bt 2501 Pigeiircn i g Shge 8

Aida Lopez, TransCanada Pipelines




Banff 2001 Pipeline Workshop

Working Group 6 - Coatings

Repair and Rehabilitation
Procedures

+ Large Scale Rehab (> 5km)
+ Smalier Scale Rehab:
- PMP Digs
~8CC Digs
- Construction Exposure
~Investigative Digs

At 12, 2001 Bl 30K Pigbislamt W DGRNOW Kk 1

€

« Since 1996 over 80 Km (50 miles) of
Transmission Pipe has been
Recoated using:

—Line Travel Equipment
- Liquid Epoxies
- Length >5km

% Large Scale Rehabiiitation

Ages 12, 251 Bars® 2001 Pymin W arves S &

éi Smailer Scale Program

. Existing Coating in Good Shape but
Requires a Patch Repair
« Existing Coating Badly Deteriorated

» Repairs when Pipe Surface
Temperature is > 10°C

+ Repairs when Pipe Surface is <10°C

Aptit A2, 001 Bt 2001 Pipaime WATEnaE E

Existing Coating in Good Shape
@i but Requires a Patch Repair

+ FBE and Liquid « Asphait-Coal T ar-
Epoxies: Tapes-Extruded Poly:
— Liguid Epoxies -~ Moldable Seslant
« Sweep-Blast with Bonded
Existing Coating Polyethylone
{#~10cm) Outerwrap
-~ Sweeap-Blast
Existing Coeating
{4-18cm)
At 3 £2. W04 Bt 2001 Prspinn Weckitiby o 0

é Existing Coating Badly

. Deteriorated
+ FBE and Liguid « Asphali-Coal Tar-
Epoxies: Tapes-Extruded
— Liguid Epoxies Polyethylene:
~ Sweep-Blast ~ Liquid Epoxies
existing Coating ~ Extruded Polyathyians
{4-10cmi} ~ Shrink Sleaves
~ Patrolatum &
Fiberglass Quienvrap
- Mgldabie Ssalantwith
Bonded Polyethiylane
Dutarwap
bz, o Bt 2001 Fymein Warkahes s 11

é N Repairs When Pipe Surface
S, Temperature is > 10°C

+ Liquid Epoxies (Mainline & Albarta)
« Extruded Polyethylene (Alberta}
v Tie-ins:

- Liguid Epoxies {for FBE, Epoxies, Urethanes
Coated Lines)

-~ Shrink Sleeves Hor Extruded Polysthylens
Coated Lines}

— Petrolatum & Fiberglass Quterwrap or
Moldable Saalant with Bonded Poiyethylene
Quterwrap {for Tape, Extruded
Polyethylens, Asphalt and Coat Tar)

Apell 312, Tl Bantt DGt Pgaiveg W ariutvap S 12

Aida Lopez, TransCanada Pipelines




Banff 2001 Pipeline Workshop Working Group $ - Coatings

£ Repairs When Pige Surface
s <10°C

- Zpoxyis rity Coating hut it has .« Allthese Coatings Have Been
Limited A# ca‘::c::s when Pise Surface ; : Successfully Qualified for Their
Temperaiure s Below 5°C Applications [Tested in the Laband
« Accepteh le Mixing and Anplication at _ : Field)
Amilent Ten pe'atures as iow gs-20 °C : .+ Cure Compiete Usuaily Under 4
. V’"y Ester (Surface Temp -24c £ °C) 5 Hours
- Urethanes fsw—aﬁe “emp. 05 °C ony ' © + S$SPC 8P-10 Surface Preparation
for Cases where Abrasion is a7 issue) ; {2mils anchor)
et e e 201 s nsen - e e 30 P s

Coating Repair of 2 Girth Weid on

Coa:ir:g Repzirofz Girth Weld on
Extruded Polyethyiene Coated Pipe

Extruded Polyvethyiene Cogted Pipe

A 2ot 3 T it 00T o Wttt St % : prosasy- Uittt P10 Prmannhar Wl Nt Fhats 1€

m Coating Repair of a Girth Weld on Coating Repair of 2 Girty Weid on

‘QZ«EZ"..L Extruded Polyethylene Cozted Pipe ° %‘ i\ Extruded Polyethyiene Coated Pipe

P - ke SO0 et W s T +7 H i A 2, B0 Bl 00 Py Wiarnins i




Banff 2001 Pipeline Workshop Working Group 6 - Coatings

ti

% Coatings and TCPL

.

« Evaluation and Testing of New
Coating Technologies

+ Long Term Field Evaluation of
Coatings

« Joint Effort with Coating
Manufacturers

+ Exchange Experiences with Other
End Users

Agd W12, 0t Bard 206 Pipais Warksoon Shas 1%

Aida Lopez, TransCanada Pipelines
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Banff 2001 Pipeline Workshop

BANFFI2001
PIPELINE WORKSHOP

Group #6 : Coatings Workshop Summary

Co-Chairs ; John Baron (Skystone Engineering)
Doug Waslen (National Energy Board)

Rapparteur: Kelly Mabhott {Skystone Engineering)

gl 342, 2061 ortt JOS Pipmdienn Workanop

Working Group 6 - Coatings

Coatings Workshop Summary

- Paper #1: Propowmd Changeste CSA Coges
- Kext edbion 10 CSA 76862 & sxpaded n 2002
w GONCBMS were raised wih the process of coatings design

- Recommendaton o noiude wakshop niosnation in the
CSA Commentary

» Paper #2: Coathgs and OP Corrpatibiity
- Defindion and asmmon underdanding of CP Compatibiily i
regured
- A definiion and thecidist 10 assess coalings was presented

- Recommendstion 1o nclude workshop inforration o the
C5A Corrmentary

Reew 912, 2054 Baslt 2301 Pigadinn W orahop St 2

Coatings Workshop Summary

¢ Paper #3: How We Perform Field Assessment of Coatings

- Field assessment of coatings shouid be performed
during routine excavations

- Test methods and procedure were preserted
- Same interest in industry database
~ A one page checkiist was presenteg

Anit $-12. 290t Bantl 7601 P W aniton

Coatings Workshop Summary

Paper #4: How We Select Caatings for High Terrp, Pipelines

~ Intreased nesd forhigh tamperalure ppeline coatings
{>85C)

~ No industry standards currently exist for testing or
appiication of high temperature matings

+  Paper #5: Achieving Fieid-Applied Girth Weld Coating Quatty
~ Indusiry requires a framework for applicator trainiig and
qualification
- Field apphied coating requirements to e nduded in CS8A
revisions

Apest 817, 20604 Bacat 7520+ Pimmiion Woorkenow

Coatings Workshop Surnmary

+ Papar #8: Select and Apply Repair and Rerabiitation Coatings
- Coating selection is dependant on pheline condiions
including termperature, wating tyoe, and ambient
termperatures
~ Each repar method requires documented procacres,
apphicaior rening arw qually assurance

= A coalings dscussion group should be estabished 16 snatk
ORGOING Frprovement

~ Querai it appears that selaction, appication and quaity
control are iproving due 10 horeased awareness.

Ay -1, 00T Sl 251 Pigadans W rkatep e §

Surmmary Presentation to Plepary




Banff 2001 Pipeline Workshop Working Group 7

Working Group 7 - Pipeline Risk Assessment / Risk Management
Wednesday, April 11, 2001, at 1:30 p.m.

Co-chairs:  lain Colquhoun - Pipeline Integrity International

Leo Jansen ~ National Energy Board (absent}

Facilitator:  Anton Walker — Suncor Energy - Oil Sands Group

Rapporteur: Nathan Len — National Energy Board

Session Objectives:

To provide an interactive forum where the management of the integrity, safety, and risk of
the pipeline infrastructure can be discussed.

To facilitate and promote the sharing and exchange of information and the development of
pipeline industry communication networks.

To recognize areas where coordinated efforts can be implemented to enhance risk
management as it relates to pipeline integrity management.

Speakers:
Speaker I:  Robert Sutherby — TransCanada PipeLines
Title: PRASC Database

Summary:  There is an initiative to develop a common set of risk definitions that will be

included in the next release of CSA Z662. In parallel to this, an industry database
is being developed to provide industry with meaningful statistics on Canadian
pipeline incidents.

Speaker 2:  Brian Rothwell — TransCanada PipeLines
Title: Failure Frequency
Summary:  Risk analysis, a primary component of risk management, requires the

identification of hazards and the assessment of the frequency and consequences of
specific hazard scenarios. The overal estimation of risk requires partial
frequencies, by failure severity and mechanism, to be combined with the
corresponding consequences (with their contingent probabilities). Estimates of
frequency, for each severity level and mechanism of failure, can in principle be
developed on the basis of historical data, mechanistic models, expert opinion or a
combination of all.

Speaker 3:  Graeme King - Greenpipe Industries Lid,
Title: Consequence Estimation and Modeling
Summary:  The consequences of a leak or rupture of a pipeline can be classified under the

following headings:

¢ Life Safety

* Customer Impact

* Public Perception

* Environmental Impact

Rapporteur’s Report ~ Nathan Len, National Energy Board H
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Speaker 4:

Title:

Summary:

Speaker 5:

Title:

Summary:

Note:

Rapporteur’s Report — Nathan Len, National Energy Board

e Financial Impact

Iain Colquhoun — Pipeline Integrity International

Decision Model and Implementation

To develop an integrity program that balances safety, reliability, and profitability,
we may start by applying constraints:

¢ Individual and societal safety risk thresholds

o Environmentally responsible programs

+ Compliance with all applicable codes

Does the net present value of the risk reduced (expressed in equivalent dollars)
over the anticipated benefit horizon exceed the cost of the lowest cost program to
address the risk? When the proposed program is put together, what is the
estimated residual risk? Is this acceptable? Once these questions are addressed a
finalized integrity management program can be put together for the general
pipeline maintenance program and field implementation in the most efficient
manner possible.

Iain Colquhoun ~ Pipeline Integrity International

Life Cycle Considerations of Integrity Management

Managing the integrity of pipeline systems is a challenge, considering the limited
and reduced resources and the pressure of striving for maximum return to
shareholders, combined with aging infrastructure. Some questions to be discussed
include: How can risk management assist in managing pipeline integrity? Is risk
management simply an analytical approach to justify allocation of resources and
selection of equipment and duties, or is it an effective too! or mechanism that is
used (or can be used) by the pipeline industry to address the many challenges
faced by them. An open forum will be held to discuss how risk management can
be used in the management of pipeline systems. Discussion should consider how
companies address pipeline integrity from “cradle to grave”, i.e. from
conceptualization and design of a pipeline system, operations through to
decommissioning of the system. Is risk management an effective tool to help
manage pipeline integrity?

Refer to presentation slides for the specific contents of the presentations

Pk
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G

Open Discussion Summary:

eneral Statements on Risk Assessment/Management in Industry

s RR D Ak Assessment vanagement in Industry

Before we try to determine how safe is safe enough, we need to look towards continucus
improvement and use risk analysis to move towards system improvement,

To determine the acceptability of risk, the industry needs to look at both frequency and
consequence. Regulators are already looking at the consequence side. There was a
consensus given that industry needs to improve on the frequency side of things.

If you keep track of historical consequences of incidents, what is to say that they will be
applicable to most areas where future failures may take place?

One method of managing risk is to develop a risk profile for the system in its current state.
Determine what the risk profile would be if the pipeline was brand new. Then work to bring
the current profile closer to the profile of the new state.

Define what is an acceptable risk. If you are trying to totally eliminate risk, there comes a
point when the amount of money spent on maintenance is disproportional to the benefits that
you receive. Even if an infinite amount of money is spent, there is a limit where safety is no
longer improved.

EUB data is available but at a considerable cost. This data then has to be combined with a
company’s own data to perform a meaningful analysis. Data should be more readily
available with a decreased cost so that it can be used universally.

EUB is looking at environmental database to make it more accessible. Will be looking at
pipeline database to make user friendly. They will try to link their efforts with the PRASC
database initiative.

You have to look at risk on two methodologies - quantitative and qualitative. The most
effective systems use a combination of both.

There is a definite learning curve associated with risk management in industry. We are
starting to see a better acceptance and use of risk management techniques by industry.

Specific Issues or Questions

Pipeline Risk Assessment Steering Committee (PRASC) Initiative

Rapporteur’s Report — Nathan Len, National Energy Board

At this point, the PRASC database is Justaconcept. Input is needed in order to ensure that
the entire industry is covered.

Working with sensitive data is a private issue, not a public issue. There is a need to keep
most information public but keep sensitive information anonymous.

A lot of effort is needed to manage a database of this type.

In order for companies to see an added value of participating in databases, the data has to be
broken down into meaningful data

The data that you are keeping has to be aligned with what you are trying to achieve. We
need to plan the database correctly so that everybody can use the same data.

Lk
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What would you like the PRASC database to be able to answer? (What would you like to use it

for?)

e Looking for trends in the information on factors that might influence failures (e.g. corrosion,
pipe diameter, wall thickness etc.). This could be used to see what areas should receive
increased attention. This information could also be used in the design stage as one may be
able to determine how certain factors might affect the future reliability of the pipeline.

¢ Should be used to normalize data within the industry. This could then be used to perform a
reality check on industry beliefs.

o Should be used to provide a benchmark to what companies could compare themselves to
determine how they rate against other companies in the industry.

¢ Could be used to fine-tune regulatory programs and standards. This may lead to increased
attention to certain issues and decreased emphasis in other areas.

» Ifthe database is well thought out and developed properly, it could be used to develop best
practices within industry.

How do we handle the risk of fatalities?

e Traditionally, it has been considered a faux pas to speak to the public about life loss and the
dollar value associated with it.

e When quantitative analysis is done, the value that is assigned to people is actually the cost
avoidance issue rather than the cost of the fatality itself. This area needs clarification so that
people are talking about the same thing.

e« Industry considers assigning a value or probability to people is acceptable (risk). The
perception of the public is that living by pipelines is an imposed risk. The public is not
willing to accept any probability of risk when it comes to people. Companies need to try to
come up with rational before taking the risk plan into the public foram. The goal is for the
industry to be transparent to the public but it must be realized that crossing over the threshold
can be problematic. This addresses another issue other than risk management: risk
communication. A possible solution is to have a communications expert portray the
information to the public rather than the engineer or technical person.

e A concern is that the information that is viewed by the technical people may fall into the
hands of a person without the appropriate background knowledge. As a starting point, there
is a need to inform people within company as to what the information is and how to interpret
it.

s Within the industry there appears to be a tendency to withhold information between one
another (between colleagues, regulatory officials etc.) Companies need to become
transparent (open to each other) within industry before they can achieve the goal of being
transparent with the public.

e Possibly shippers and regulators should have a role in assigning the cost associated with
people. This could then be adopted in company risk models.

o Other industries may have the same problems. Someone should look towards other
industries with respect to how they quantify risk with respect to fatalities. Some other
industry may have already done something similar {e.g. Chemical Process Industry, Airline,
Rail Transportation, Health Care).

+ Ifwe don’t assign a value to people we may not be able to come up with an indicator to
determine when safe is safe enough.

Rapporteur’s Report — Nathan Len, National Energy Board 4
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* With regards to absolute or quantitative risk, it is very difficult to assign a risk value to
capture your gut feeling of how the people living along the pipeline feel.

» Costs associated with incidents are business decisions. This is different than when you are
talking about fatalities. This is where the risk value gets very shaky. Most people want to
avoid assigning value to human life. The problem is in trying to determine what is
acceptable. This may prevent proper risk assessment when dealing with people.

How do you proceed to get more resources allocated to an integrity program?

* You usually have a better chance at convincing your company to an increase in funds
towards integrity if there is a real example to be seen. Other Justifications seem to go
unnoticed. (Some participants said their experience was that the best way to avoid such
“knee jerk” reactions was through the use of an impartial risk management approach).

* The occurrence of major incidents (ruptures etc.) has an effect on how much a company is
willing to spend on integrity management. The reason for this is the increased awareness
into the problems themselves as well as the severe consequences associated with a similar
incident,

* One good justification for additional resources is to try to reduce the frequency of
occurTences

* Any resources have to be justified on a cost/benefit analysis. This is needed to Justify
reasons to company officials.

e Quantitative models make it easier to demonstrate to company officials the benefit of
allocating resources to a certain area.

» To get more funding, the risk assessment would have to indicate a greater level of risk
expostre than was previously understood. The quantitative analysis needs to seem
reasonable (it must stand up to reality)

* On the upstream side, expenditures are being justified using risk models. Routinely,
decisions are made using pure risk management. This has been happening since the early
1990s.

Can risk management be used to lower insurance premiums Jor facilities?

* With regards to service facilities, insurers have been asked that question. There seemed to be
some indication that there was potential for the underwriters to start looking at the issue.

¢ The first reaction from the insurance companies is usually no. With some pushing, it was
found that there may be some opportunity for movement in insurance premium.

¢ It must be taken into account that the reduction in insurance premiums would probably not be
very significant. However, the greater benefit lies within optimization of integrity program
expenditures.

* Generally, insurance companies do not conduct studies such as risk assessment on the
pipeline facilities that they are insuring. The questions that are asked when insuring a
pipeline do not usually reflect the condition of the pipeline.

Rapporteur’s Report — Nathan Len, National Energy Board 5
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What now?

e« PRASC still continue to gather comments on how to approach the issues so that the entire
industry is represented.
Need to clearly understand PRASC initiative and communicate it
Discussion is improving towards the issue of risk assessment/management. Learning needs
to continue.

o There is significant improvements being made in the level and consistency of discussions on
risk. The path ahead must include continuation of industry wide dialogue.

What next?

In an ideal world:

¢ Regulators would understand methodology and mitigative methods used by companies

« Public would have some form of understanding and accept methods used for risk
management _

e People within own companies need to understand methodology and mitigative methods

Summary, Conclusions and Recommendations from the Session

e Pipeline Risk Assessment Steering Committee (PRASC) Initiative
e Possible uses of database were suggested
e How do we handle the risk of fatalities?
e Value of life/ ALARP
e How do you proceed to get more resources allocated to an integrity program?
o Effect of major incidents
e Use of impartial Risk Management approach
e Can risk management be used to lower insurance premiums for Sacilities?
e Yes (qualified)
e Eclipsed by benefit in optimized integrity program
o What now?
e Move ahead on databases
« Continued dialogue on risk
o What next?
In an ideal world:
e Regulators would understand methodology and mitigative methods used by companies
e Public would have some form of understanding and accept methods used for risk
management
¢ People within own companies need to understand methodology and mitigative methods

Rapporteur’s Report— Nathan Len, National Energy Board &
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BANFF2001
PIPELINE WORKSHOP

implementation of Pipeline Risk Assessment
C5A & PRASC
Robert Sutherby
TransCanada Pipel.ines

At B2 204 Bk 100 Frgaing Workshoo

éi Pipeline Risk Management

« Risk Management is an effective tooi to assess,
evaluate, pricritize and mitigate risks

« Two hodies involved in implementing risk-based
integrity managament practices: C8A & PRASC

» Goal of improving and demonstrating the safety
of pipeline systems through implementation of
risk-based practices

A 12 X08 Wl ICB1 Pipmaionr i arkshvig it 2

é%m RM Implementation

» CSA 2662 Appendix B on Risk
Assessment

= CSA 2862 2003 ed. - Risk Data Dictionary
« PRASC Risk Data Base - 2003

Spré 42, 200t Bt 2007 Ppuices Wrekatop Shein 3

éi Risk Data Base

* An industry-wide data base too! to support
pipeline risk management

+ Standardized and consistent risk terminology

« To improve, demonstrate and communicate the
safety of pipeline systems

« By capturing and developing incident statistics
in ferms of frequeancies and consequences

Apad 12, 2004 Bantt FX Py Wothiiop ke 4

Design Criteria

* Toensure a successful design and
impiementation

= Toidentify objectives, needs, advice and design
criteria from potential fulure siake-holders

= Scope ?

« “incident” definition 7

+ Consequence types ?

« Opportunities and Concemns 7

Apell .17, 7001 Haait 201 Fopales W rirbop a5

éi Contacts

David Blackadar, Pambing Pipeline Comp.
(403) 2317414, dciackadar@penbing com

Bob Sutherby, TransCanada Pipalines
{4037 B20-8131, roberi siherbydiranscanada.mom

Jake Abes, Pipoine Safery Consyiting ing,
(403} 8614659, mheabesnome. com

Tom Pesta, Atberta Energy & Utities Board
{403} 297-8148, lompestagieud gosaboe

Apit 12, J001 et 30 b W oeshop Gige £

Bob Sutherby, TransCanada Pipelines Lid,
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+ Frequency of what?
-~ Mazard scenaric - e.g. Jeak (size), rupture
- By hazard cause - ¢.g. corrasion, mechanica! damage,
ground movermnent
+ Approaches
— mechanistic models
+ reality check with historical daga
- historical daty
* appropriate database
- combination of both

» attribute-relaed modifiers for gross statisticat data
Mg 1 2, 2084 umznmwm

Meaning of frequency
For the purposes of fisk analysis of pipalines:
BANFF/2001 _ Quantitaiv
PIPELINE WORKSHOP * “number of tismes that a given scenario is expected to
oceur, per umt of tme and pipeline tength™
. ~ Semiquantitative
F auit.:ra Fraquency * “compasative likelihood that 2 given scenario will occyr,
Hrian Ruthyvei! ) per system and unit of tme”
TransCanada PipeLines = "system” has 3 special meaping, defining the seope of the
wualysis
- “ﬁ-cqucm-occm‘onaé—unlikcfy-mmtc»hwmbabie-hmlmicar‘
is an exanyple of & comparar scaic of Fequency
AR EY2 00y Bandt N34 Py e W eomamory Aprt 81 2, 200 Bl 2001 A pbling Warkahos
Frequency estimation Frequency esfimation-challenges

Relate frequency of scenario to atiributes of pipe and its
surroundings
- resolution appropriate for pumose
Recognize uncertainty and #s influence
* Data management
Lack of appropriats and widely available datas
~ temptation 1o use data that's inappropriate
- efforts to develop z Canadian database
+ Lack of appropriate and widely avaitable models

Aprd 12 2000 Bardf 2001 75 g Workaherp

Fraquency and consequence cannot be separated even if frequency is constant

R=5" sFp.c
= (Fil) 57
p.C

IL is oniy known when p, has been analysed, or when
limiting harard range has been established

Example of semi-quantitative frequency
definitions

Frequency category Description

Ay 208 Hinntf 2004 B pabves Warkptrop

Brian Rothwell, TransCanada Pipelines Lid.
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N Exampie of semi-gquantitative
A consequence definitions
Consequence Description
category

A1, 2001 Bt 205 P puiore Wonvkanon

Brian Rothwell, TransCanada Pipelines Lid. 2
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PIPELINE WORKSHOP

ConsequenceEstimation and Modeling
Graeme King
Greenpipe industries Ltd

Apri B47. 2054 aff 200 Pgatbins Wonrkainoy

Factors Affecting impact

.

Settlement of cigims for damages
= Comminity (fass of life, inirry, property damage)
- Empioyees {loss of life, injury)
+ Environmaental impact
- Cost of eleanup
- lrreparable damage o witdife and physical
envirenment
* Regulsiory penaities (fines, shitdowns, inquiries, aic)
+ Service interruption (costs to shippars & customers)
+ Loss of corporate image/pubilic parception
= Cost of repairs

At 43, 200 et 2007 Pigapivns W otoihig

é% : Trends in Quantifying Impact

+ Three broad approaches:
- Qualitative or “zerc-tolerance” (teading to prescripiive
pans)
~ Serni-quaniitative or factored {feading to risk matrix}
— Absolute quarntitative (doftar value and direct

comparison}
- Eclectic strategies (any combination of the above
three)
Apre B2, S0 Bark 50T Fipalive ¥ wihop

Trends in Quantifying Impact

+ Good record keeping
— Location of pipetine assets wrt rfivers, rozds, populated
piaces, environmentally sensitive areas, etc, {GIS &
GRS}
~ Regord anomalies & defects as part of inspection {asks
- Record remediation of anomaiies and defects
~ Easy to use and auditable

Ko 313, 7004 Bt 1004 Pignidiesas Woarkenog

Graeme King, Greenpipe Industries L.
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BANFFI2001
- PIPELINE WORKSHOP

Discussion

Al Bt T 2085 all 1 Ppien W orhabigp

Risk Assessment / Management

+ Leaming curve in industry - starting to see 2 better
response from industry towards risk
+ Nead consistent, meaningful data in order to reach what
you are trying to achieve
+ Availability of Data?
- PRASC, EUR, NEB etc.
= What is the purpose of the PRASC Database?
* How do we handie the sk of fatalities?
- £0 we nieed to put a value on human life?
~ Canwe address the risk by specifying 2 low probability
of falalities (constraint)
Aprd 812, 2001 Bandt 2007 Pigusies W sristop

é% Risk Assessment / Management
« Where do we go next?
gl 313, B} Bl 201 Prigrabiny W ewkabig

Discussion
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BANFF12001
PIPELINE WORKSHOP

Life Cycle Considerations of Integrity Management

Amt 313, 201

Bakl ZX01 Pigvatta W orhahug:

Working Group 7

Life Cycle Considerations of
infegrity Management
* How can Risk Managemant assist in Managing P
Integrity?
« Consider gach phase in the Life Cycle of Pipelines:
~ Conceptual design
- Detailed design
- Operations and Maintenance
- Emergangy Preparedness ang Response
-~ Decormmissioning
-~ Fina} Cleanup

Aper §.17, M5 mmc%w«m Shee 2

Life Cycle Considerations of
Integrity Management

* In praciica, how has Risk Management been used i
Iustify:

~ funding

— Peopia resaurces

=~ purchasing specialty equipmers
= 8ctivities, programs or progesses

Anri 512 2001 Barkt 2001 Prpmhes Wisnzivg. Siom 5

Leo Jansen, Natiopal Energy Board

Life Cycle Considerations of

Integri Management

+ Considering the Lifecyde of Pipelines, how can Risk

Management be effectively used in Managing Pipeline
letegrity?

- tnclude rsk identification ang priotitization usag
reguiarly in each phase of the pipeline lifacycie

~ make detisions based an risk {reaf ang perceived)

— consider short and long term impacis/effects (focus an
lifecycle)

~ iFoactively manage integrity based on rigk

— othar??y

Apek 13, 3001

BanT 2001 Ppadins Workahap
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High Leve] Process Flow

i VoD ivAnalyse | ! Amiy

Identify ‘Assemble’, | Eveiuate | | L-f Yo
&Hnml.s '\ Data >a Hazards N Allemate s fesision i
[ i

¢ Solutions f i Model
§ iCommruiacd
(Rizk Astcizmant) {Rek rd ction | Optemizanon
and coam;
| Defime |
i Mitigation |
Program
: il i
| Review | ! i lmplement § i
[ Cyele ) i i Program ! !
i i
At 812, 2001 ot 2051 Pt W wbsiion S 3

Banff 2001 Pipeline Workshop Working Group 7
So What?
We have:
BANFFi2001 - ldertified the Mazards
PIPELINE WORKSHOP - Estimated the Fallure Frequencies
- Calculated the Consequences
) . - Assessed the Riskg
Decision Model and Implementation - Ranked Pryjects by Risk
fain Colguhoun - 50 What?
Pipaiine infegrity International
gt B 43, 2 B 200t Pypns Wartanog A 313, 200 Mm%wm By 1
Pipeline Integrity Program .
ipels grity Progr Apply Decision Model

+ The Decision Model defines how the line can be
operated SAFELY, RELIABLY, and
PRORTABLY. Itincludes the following
elements:

- Constraints 1o be applied {Safety, Code,
Environmental, Operationai/Strategic etc)

~ Benefit/Cost criteria (Value Ratio)

- Logistics and project groupings

Apek B-47. 2001 Bt 203t Pippliors W orkadbop E

@ Value Ratio

NPV Risk Reduction $ {Safety,
Environment, Customer, Direct
Financial Impact)

VR =

Projeet Cost §

A 32, 2067 But] 201 Pigwirs W crciiop S 3

Cpti i W neunanos Siudge Cof aulmtion

ME?}BE;;E Witk Constrasmes
| Economical Optirmsm |

tain Colquhoun, Centra Gas Manitoba Inc.

s
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Conclusion

Risk Analysis feeds inio:

+ Application of a Decision Model =>

» Development of 2 Mitigation Program =>
« implementztion of the Program =>

« Feedback to Analysis.

A -2, 20y Tl 2035 Srpaime ¥ orkahop B T

fain Colquhoun, Centra Gas Manitoba Inc. 2
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‘ BANFF/2001
. PIPELINE WORKSHOP

Pipeline Risk Assessmant / Risk Management
Workshop Digcussion Surmmary

Apek 12, 2001 ot 35071 Papsing Warkiion

Pipeling Risk Assessment / Risk Management
Workshop Discussion Summary

+ Plpeline Risk A ¥ Steering Commiftee
{FRASC) Inithative

= Fogsibie uses of database wers suggested
* How do we handle the risk of fatalities ?
« Vaiue of ife/ ALARP

* How do you proceed to get more resources affocated
to arn inlegrity program?
+ Effect of major incidents

+ Use of impartial Risk Management approach

Ak .52, 2001 s 300% Pippion Woisaimg

Pipeiine Risk Assessment / Risk Management
Workshop Discussion Summary

« Can risk management be used to fower insurance
premiums for facilities ?

« Yes {qualifiad)

« Eclipsed by beneft in cptimized intecrity program
» What now?

+ Move ahead on databases

« Continued dialogue on risk

Agd 32, 2001 Perlt 20061 Poynafirss Woarkabog

Summary Presentation to Plenary

Pipeline Risk Assessment / Risk Management
Workshop Discussion Summaty

o What next?
- it an ideat world:

* Reguiators would understand methodology and
mitigative methods used by companies

* Public would have some form of understzuding and
accept methods used for risk management

* People within own companies need to understand
methodology and mitigative metheds

Aok 82, FHE Bavret 2001 Pipwiros: Wnvkshur
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Banff 2001 Pipeline Workshop Working Group 8 - In-Line Inspection

Workshop Session 8 - In-line Inspection of Transmission Pipelines
Wednesday, April 11, 2001 at 8:30 a.m. - noon

Co-Chair: Steve Gosse, Westcoast Energy
Co-Chair: Arti Bhatia, Alliance Pipeline
Rappporteur: Don Engen, Enbridge

Outline:

1. State of the Industry Today - Harvey Haines (GTI)

2. Consideration and verification when mnspecting for mechanical damage, dents and hard spots
- Bruce Nestleroth (GTI) and Blair Carroll (Fleet Technology)

3. Treatment of Vendor Tool Performance Specifications for corrosion and crack detection -
Tom Morrison (Morrison Scientific)

4. Tool Development and Research - Blaine Ashworth (TransCanada Pipelines)

1. State of the Industry Today

Harvey Haines (GTI) presented a breakdown of research endeavors and tool development as it
appears today. The presentation included in these proceedings.

David Katz from Williams Gas Pipeline - West asked for clarification as to whether the dents

and/or mechanical damage was from the DOT Reportable Incident summary and the Kiefher
report were determined to be construction defects or defects that formed during operation.

Harvey did not believe that any of the 31 incidents were due to rock dents.

Barry Martens from Rainbow Pipeline inquired about the nature of the failures with respect to
multi mode defects i.e. corrosion within dents.

Harvey emphasized that most failures are not due solely because of a dent but associated cold
working and cracking can contribute.

Barry Martens inquired about the shape of the corrosion defects used in the research of multi
mode defects i.e. corrosion in dents.

Bruce Nestleroth responded that their ali had smooth front edges.

Barry Martens commented that he had experience where the tool has missed certain defects and a
failure has occurred.

Arti Bhatia polled the group as to how many operators have asked for POF (Pipeline Operator
Forumj) formats from the vendors as to their tool's capability and how many vendors have
received requests from operators.

Rapporteur’s Report — Arti Bhatia, Alliance Pipeline Lid. i
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Chris Billington from BC Gas indicated that they were moving towards acquiring the
specifications in this format however they did not have enough data points to reference back to

as of yet.
Harvey Haines asked if operators were requested the POF format.

Daryl Ronsky from PII responded by saying that clients are asking for the format and in
particular are raising questions about accuracy of sizing.

Dave Hektner from BJ Pipeline Inspection Services pointed out that Mapping/IMU has been
around since 1988 and RTD Laser Technology is now available in the US. He pointed that the
circumferential technology has been available since 1998, He also commented that inertial
technology on MFL tools is working well.

Harvey inquired as to whether the tool referenced by Dave had an axial magnetizer with
circumferential sensor technology.

Dave responded that they use the circumferential technology to better identify corrosion defects
but it is not used to identify crack defects.

2. Inspecting for Mechanical Damage

The group was asked if any of the operators would lime to comment on the use of
circumferential MFL tools.

Blaine Ashworth (TCPL) replied that TCPL used the TFI (Transverse Field Inspection) tool for
R & D purposes and it was difficult to detect and size low levels cracks.

Chris Hallam from BJ Pipeline Inspection Services asked if there was a different MFL signal for
gouges on mechanical damage tools.

Bruce responded that the signal is different.
Harvey Haines pointed out the terminology for gouges need to be better defined.

Phil Nidd from Agra Monenco commented that 2400 excavations were conducted based on TFI
data on the Platte system. A paper was presented at IPC 2000. He mentioned that they had some
success manually differentiating dents with gouges and mechanical damage

Dave Katz commented that a tool would be useful if it was cost effective for identifying dents
better such as top half defects instead of bottom since the DOT will be inquiring about
prioritization of defects.

¥

Rapporteur’s Report — Arti Bhatia, Alliance Pipeline L4,
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Steve Gosse asked about the Canadian experience with respect to mechanical damage instances.

A representative from Greenpipe Industries commented that Canadian pipelines were in less
high-risk areas.

Deb Billey a contractor to Enbridge inquired about the multi level capabilities of MFL for
detecting dents within welds.

Bruce Nestleroth that he had not done any work in that area,

Blair Carroll presented a few slides on planning rock dent excavations based on high-resolution
caliper data, which is included in this package,

The group was asked if any of the operators were using various modes of tools and overlaying
the data to prioritize their dent and other di gs.

Shamus McDonnell from Hunter McDonnell replied that they had worked on different ILI tool
data to find deformation type defects and the correlation to date was working good.

Blair responded that a three-dimensional FEA model would fine-tune the process of assessment
that Shamus commented on.

Bruce Haggar from PII commented that one could differentiate on MFL data between greater and
less severe defects but they could not see cracking within the dent and they generally gave
customers the most severe dent information.

Blair commented that you can run a tool to determine the severity and get accurate information
but dent prioritization is a staged process and operating conditions such as large pressure
fluctuations could cause problems.

Brian Rothwell asked Blair to clarify in the dents Fleet had modeled were ] greater that 6

percent.
Blair confirmed that the initial indentor was the nuinber referenced on the chart but many of the

dents rebounded to 6 or less percent so less that 6 percent dents had been modelled.

Bruce Nestleroth commented that there was a difference between Blair's and his work. Blair's
Wwas more representative of fatigue on dents with rocks and Bruce's was more focused on

mechanical damage.

Frank Christensen from FM Christensen Metallurgical Consulting stated that he did not believe
that the weld alone referenced in 7662 was considered a stress concentrator.

Blair commented that the research that F leet had done did include the mfluence of the weld and
such that the number of cycles to failure decreased with its influence.

Rapporteur’s Report - Arti Bhatia, Alliance Pipeline Lid. 3
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3. Treatment of Vendor Tool Performance Specifications

Tom Morrison (Morrison Scientific) presented a few slides on why operators should validate
their ILI tool runs. The slides are included mn this package.

Phil Nidd commented the group as to whether we were moving towards a period of validating
more stringently. How would the ILI vendor, the operator and an NDE company work to resolve
measurement errors?

Tom replied that communication is the key and all parties have to work together to develop and
stick to a project plan. He also said that field conditions play an important role in influencing
accuracy. Modern technologies like the laser tool make it easier to get answers. Feedback to the

vendor is key.

Bruce Nestleroth commented that the through the POF format there are eight categories of defect
sizes. The operator should have a sense which tools will capture the defects in a more accurate

fashion.

Phil Nidd asked if validation is recommended for each wall thickness.

Tom Morrison said yes to get confidence in your results more digs may be required.
There were no commented from the ILI vendors.

Harvey Haines felt that this is a big issue in the US and he asked Tom on his philosophy.

Tom emphasized that there are many configurations of corrosion and rather than conduct big
laboratory research projects, the operator should be responsible for validating the tool on their

own line.

Harvey Haines asked that if operator's used dig data, would there be enough data points to
statistically validate.

Tom commented that the digs can be expensive and that mapping the corrosion accurately and
gathering the most data was the first and foremost responsibility.

Bruce Haggar from PII commented that accuracy levels of data i.e. data interpretation may be
improved if operators were cleaning and preparing the line more effectively.

Trevor MacFarlane from Dynamic Risk Assessment commented that caution should be taken
when addressing multiple tool run data from different years and eras of tools to ensure accurate

representation of growth.

Tom replied that both similar and different tools had been matched. Guy Desjardins commented
that probability distributions re employed in their analysis.

Rapporteur’s Report — Arti Bhatia, Alliance Pipeline Ltd. 4
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4. Tool Development and Research

Blain Ashworth (TCPL) presented on TCPL's continued with the UltraScan CD tool and EMAT
technology for crack detection. The slides are included in this package.

Bob Coote from Coote Engineering inquired about the differences on past EMAT development
mitiatives through PRCI and this tool.

Blaine commented that picking high wave mode frequencies that they overcame some of the
earlier problems.

Bruce commented that wave mode selection is better today that in the past.

Harvey commented that the previous too! had a wave mode that was sensitive to coatings. The
wave mode did not fulfill size and discrimination at that time.

Kyle Keith from Foothills Pipeline inquired if this EMAT tool would be as good as the
UltraScan CD tool.

Blaine responded that the goal is to be equivalent. The resolution circumferential could be less
due to wave mode.

5. Conclusion

The group recognized that there had been some advancements over the last two years since the
1999 Workshop in many areas related to ILI tool technology development, detection capabilities
and size availability.

Rapporteur’s Report ~ Arti Bhatia, Alliance Pipeline Lid. 5







Banf/2001 Pipeline Workshop

BANFF/2001

In-Line Inspection of

Transmission Lines

* State of the Industry Today

Harvey Maines
Program Manager, NOE

Why Build a Mechanical Damage
“Smart Pig”?

LTy o'y arvrtauesyin i nrana [T

wlnitiall y the need to build a pig was based on:
= incidents tke Edison, NJ and Reston, VA, and
» advice from plpetines that smart Pigs were not
discriminating all mechanical damge anoemaliss.

» Mot ait Mechanical Damage is found
» Mechanical Damage often yieids very smail sighal on
MFL “smart pigs”

Working Group 8

GRI/PRCI ILI Projects

T g s L a s b r OB N u by kit e P AT b obimrmananss

» Mechanical Dam age

= Corrogion

u Stress Corrosion Cracking
» Coating Disbondm ent

= Weld Defects

» Stress and 5 train

s Unpiggable Lines

Why Build a Mechanical Damage
Smart Rig??

w In 1997 GR! advisors started asking how this tool
would be best run?
= Doas it mekes iitle sense o run an L tood solaly for
Machanical Damaga?
« Tha tool is designed to be an | proved MFL tool to
detact corrosion and mechanical damage
» Pigglines currently run MFL tods for corrason
« Agv improved tool may reliably detect 3rd pary damage.
= How effective is an improved tool going to be at
reducing incidents?
= Astudy was commissioned with Kisfrier & Asscc.
to det: pat i toof limp

Kiefner Report

maksasau yrrs wor

[T teniuanaes

» GRLSY/0050
Etffectiveness of Varbys Means of Preventing Pipgiing Fafiures
#rom Mechanical Demage

» Study examined DOT incidents from 19551 g7

® Number of incidents studied s 3715
» Lombining the DOT datateses from both the Matura!
Gas Transmission & Gattering and Liguigd Petreleum
Pipeline databases.

DOT Reportable Incidents, 1985-1997
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How Long Between Damage &
Failure? e

23

HiHHE

26

HHIBBHITE

e g,

[d 5 191 0 2% 38 3 W 43 B
Tine Between Damage and Failure, yoars

Futare GTI-DOT wor

avsnsssrensaszEnEna enzuncan

« Battelle wilt study Circumferential MFL fields
» Haope for betier charadterization of gouge mgion
» Wi aiso axamine corrosion sizing & arack delection capabiiity
=z Swiiwili integrate defect assessment with MFL and non-
linear harmonics
= Nondinear harmonics is a stress measurement using 3rd
harmonics nondineanties to rmeasure stress
u GRI continues to support Tuboscope in their Axial MFL.
develop t and clatization

Corrosion

ramsanras sEimRayens

» Better Algorithms for inverting MFL Signals to
Corrosion Geom etry (Depth, Length, W idth)
« (3R has transfered the resuits of its Investhaticns to
dors ¢ . Hable}

» A Circumferential MFL Tool is Now Available
from Pil
« {an Inspect for sedm weld cormosion and gracking
= Wi b § ig G improv from using both axial
and chreumiorantial fleids

» Working on Gas Coupled Ultrasonics
» Long term effort to sake Ultmasonic pigging work in gas
plpeiines

Mechanical Damage In-Line
Inspection Impaet . ...

{1y

» Improved L1 may reduce the number of reportable
incidents by <2-3% aut of the 4-45% of delayed incidents

= improved iLI may heip reduce somas of the mors
prominent failures
« Edison NJ & Beillngham WA wers inspectad with 1)
» Smalt mechanical damage signal were not apparent untl
after the fact
= imgroved (L might have heiped pravent one ormore of
these incidents

« These incidenk are some of the most expensive Incidents
to pipslines

« Thess Incidens ars have caused the significant expnsure
{0 the surrounding arm

GRI/PRCI NDE Projects

hAnEn

= Mechanical Dam age

» Corrosion

» Strass Corrosion Cracking
s Coating Disbondm ent

= Weld Dafacts

= Stress and Strain

» Unpiggabie Lines

MFL Sizing Effects

1

1
2

3

&

Siganl Amplitude [Gauss]
b3

¥

In-Line Inspection — Harvey Haines Gas Technology Institute
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| GRIPRCI NDE Projects

Gas Coupled Ultrasonics

» Mechanical Dam age

» Corrogion

= Stress Corrosion Cracking
= Coating Disbondm ent

® Weld Detects

® Stress and Strain

& Unpiggabie Lines

Ultrasonic Crack Inspection
Methodologies

CLT TP TP PN

Stress Corrosion Cracking

b b ety M LMy NS LE R b m e mm s nmda b n yrn e e as.

= Ultrasonics
» Guided Wave
» Pl - Siasie Wave Vercia
w TV - EMATS
= Moar Figld naging :
= Petronx ~ Urascan 02
» Phased Arays H
» Diectromagnetics
« Magnetics
« Cwcurmferenta; MEL
» Ecgy Currerts
» Sef Exenes Sedy Currents
» Remole Feid Ecey Current

Pl
24" diameter
Elastic Wave Vehicle

* SRR il

NON - SCC Inclusions

.

a38" tool has been rua
many Umes it Canads

f 224 & 30" {oof has been
| runzfew mes in US

P " . - IR o . . .
Per, T ayisn Tem e lass) el 4 £y £ryrn o s et e )
ATLITIE INSDechion — FIaIVOY mames sas8 Techry WOy Lastivte
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Defects Identified in the CEPA
EW Run Program o

% pe,

EWeid Dofect
Hook Qrack

weld Defect
Lack of Fusion

TWeid Defect
Othaer

& Mechanicsl
Camage

SiLamination  {w
> 20}

Zinciuson

%

= Ne indicatons

EMAT Results from

Early Puli Test

Modeling of L.amb waves

kbR e raasnsnnin

Refection factor

For Lamd wavet, varaion of echin NG FaNETHA0N ROt of The AT mede ¢
Aiieetn, cases of e pigss TO S SOuE 10 T0%, 30%. ang SU% of The woll Tucktesy 1o
5 50 Aacert modt, TEADCE: WitaGe weih & 315, Artat of the MONOITLG dORae:
o RAL 20 TIATE den murind wel e reciangin,

w

T S % ¥ o i ~
ne NSpeclion — narve *.i.,& Gas Technol GEY i

Working Group 8

The 24”7 EMAT Tool

® Three sechon Dig

& 4 EMAT ransminers and B EMAT re@nes
& Sgnal processing - 8 SHARLS

® D2t storage - haph capaaty hard doves

,w-‘?ﬂ
o)

EMAT

Depth Sizing “'-é‘ﬁ

Pzt vy ety -

= Experrmenta Result W 75 m\—ﬁ

& 250 wai poe

» refetied wivelionrms
frgen DOWENES o
Gaforent gepth

5 Dot
1 gl oy ey
DET Wil Thativass —_

Modeling of SH waves
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Phase Array Imaging of Cracks

| GRI/PRCI NDE Projects

.

= Mechanica! Damage

| w Pl Elastic Wave Vehicie
= Detort Coating Disbondnent
= Cifferentate Ditferont Types of Coating

*» Corrosion

® Stress Corrosion Cracking « Saltelle & NIST (PRCI Project)
« Determine ¥ an EMAT ¢coil can be placed imn MFL
magnetizer i detedt coating disbonds,

* Coating Disbondm ent
» Weid Defects
» Stress and Strain

- = Unpiggable Lines

| Data from the Elastic Wave
Shrink Sleeves Identified

v

Ultrasonic Attenuat

| Fel Castng

M 7. : cov s LY e o I BAETEN H s Tamadieg,s
~ie inspediion — narvey Haines Gas Technology Institut

LA




Banff/2001 Pipeline Workshop Working Group 8
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_Example from NIST-Battelle Study Inspection Techniques

« Machanical Damage

L3

1w

* s Corrosion

= H E

: % s j E 1!5 i i‘i i : g : F 18 » Stress Corrosion Cracking
okt _ Gned-cm _ = Coating Disbondm ent

e =00 Cheiepecien ™ s Weld Defects

= Stress and Strain

= Unpiggabie Lines

_Girth Weld Inspection ) GRI/PRCI NDE Projects
aNe iLi tool exist for inspecting girth  weld in u Mechanical Dam age
pipelines
u Corrosion
uCne Robotics teols w as developed by PGEE for « Stress Corrosion Cracking

inspecting girth w elds on out of sar vice lines
» Coating Disbondm ent
» Technigue uswi EMATs generating Sy waves
» Weld Defects

u Stress and Strain

» Unpiggable Lines

Stress & Strain Inertial Mapping-Pipe Movement

.............................

windirect T echniques

» inertial navigation plgging (not 2 ressach Issue) - .
» Snam has performed studies i S P
« Vendors festing tooks at the PSF : .
" N - Diefiecnon on
aDirect T echniques the pige is
« MIVC {Magratically nduced Velocity Changes) visibie in
» Deveioping equipment that s porfatie encugh o work St o
“wrihagich” Narihing over
« Wil probably be testing on pipelines in 2001 o 2062 Fasting
» Uitrasonic Shar Wave Birefringence . mom 3, i
« Cutmently woring on laboratory lechniques wth NIST to f s and 2 e
measure stress Gifferentials in ppes “l e ;{ﬂm
» Mon-Lindar Hammonics - L ; + - - - ction
» Gumently working on laboratory techniqués as part of e .;::‘wm@:m}':, »

mechanical damage program

In-Line Inspection — Harvey Haines, Gas Technology Institute 6
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GRUPRCI NDE Projects Unpiggable Lines

= Mechanical Dam age

anes arres

* Significant Problenss that Male Lines Unpiggable ars:

» High Spesd Single Lines
» Corrosion X ool
= Stress Corrosion Cracking + hateraly
= Ng current solution:
= Coating Disbondm ent * Needd same sort af self powersd robot
« Undersizad Yatves
= Weld Defects v Collapsinle Pigs
» Plug Viives

= Stress and Strain « Mo curvent solution

=« Remate Fleld Bddy Currents have bean suggesied,

= Unpiggable Lines bid e currand research is achive in tus ares

Conclusions

[res ST TIv st

Conclusion

-.u....-.--..o...--.uu..u.u......-.u.-...n.u.".-u--uo.

[LER R sdranan

= Newer Technologies are Becom ing Avaitabie for
In-Line lnspection of P ipelines
« Corroston
» Better resolution with Magretic Fiux Leakage
« Circumberential MFL for axial corrosion
= Axial Cracking
« Litrasonics both imaging and guided wave techrigues
o Circurrferential MFL & anly good for large cracks
+ Machanical Danage
» Reduced Field MFL additions to MFL corrosion tools

#T here are many promis ing technologies for
improving inspections

uiha ve purposefuily not listed them in a
concluding table because w e don't k now which
ones wiil be technicaliy adequate or commerciaily
successiul

In-Line Inspection Harvey Haines Gas Technology Institute
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— Presertation Sulline

| - mportance of Mesharica! Damage - Wiy and when gre
mRChancal darmage defects imponant?

- ingpection ApproacResio B
VWSt WIS are avalabie or being aeve,ﬁ;e’ ﬂow"

Aure Mans - Wi happens next?
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Inspecting for Mechanical Damage
Bruce Nestleroth, Battelle

e 7Y, St . G TO0Y P gt by Eaﬁegﬁ‘ ; - " ;

imporiance of Mechanical Damage Lracking Inside Gouges

* How do we know which defests are importan:
ang which are not?
- Smooth demts are less 2 of probiem, unless
very deepn.
« What can ‘eaé W deiayed kivres ina

mechanical damage defect?
-~ Jracus. i
Can ocour with itie or no :
danting... :
e 2T T 200% Py puina Wearka ey B S ) Tl XY N g W j

; Rerounding . Pressure Rerounding
g N
iginat pi Dent depth 3far |- The dofoct pipes were epressurzed o rerou ¢ gent
Criginal pipe shape ; sor H s Pied were repressurzed 16 reround den
: - ;. [meentoris removed i * A% dent, § inches jong with 2 0% rermoved met fled
: a3t 80% SMYS " ;

© The defect experiences 8 pressure oycios 10 80% SUYS
ang one 0 0% SMYS,

: Rergunding stretches he vicindy of the gouge | © » Five crack Soms were obsenved.

ot 317, 2 G 250 . mera W sl H A 3t 3. 20 T 201 B s Wkt
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: i When Does Cracking Ocour?

+ Whaen the microstructure under the gouge is damaged and
subiected 0 sigrificand tensfe stresses due 1o preseure of
rerounding

- Depending on the indentar, we've seen cracking in
wsany defects with @ maximum depth (bafore
rerounding} of 2 1o 3 percent. We've seen some
cracking in defacts with maximum depths (before
rerounding) of 110 1.5 percent and less.

Mechanical Damage Cross Section

Aprt 312 2004 Kk 2001 Pi paling Warksbop

gt 317, 2007 Bt 2001 Fépaiing Wintkahig

. H h L *7 .‘
@i Inspection Approaches éi MEL For Metal Loss

«  Caliper and dent-detection tools
-~ Great for large rock denls
~ Requires & sigrificantly different philosaphy far third-party
damage that may have cracks: examine all dents
~ Recogrize that some giuges with cracking may have
rerounded to a residual deplh cent approaching zert; these
defects wili be missed !
+  Standard Magnetc flux leakage tocls
— Have found some mechanical damage, but not reliably

Can MFL be made more reliable and used fo

differentiate hazaerdous defects from berrign Metal loss, such as corrosion, causes magnetic
defects? flux to be divertad outside the pipe.
A gt 001 Bardt KH Pipaline Wotahug Aprk 12, 2004 Bt AT 51 paows W erihon:
Unique MFL Signals
71N from Mechanical Damage Components frpts Causes of MFL Signals at
. oy N Mechanical Damage Defects
Removed Matal Stesl Damage Dent
> - Removed metal causing the signa! to increase

+ Damage fo the steel g}eneraliy causes the
?ignal to decrease if the magnetization level is
oW,

- Stresses and strains change the signails around
the defect, and denting changes the orientation
of the pipe wall relative 1o sensors - alf of which
further compiicates the signals

» Cracks cause jitle or no signals

e 312 3001 Bopanll 205 64l WKMGS: Apre -t 3, P03t Bl 2061 P puinn W iy

Bruce Nestleroth, Battelle

2
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Magnetization (M)

]

Apri 12, drves

Wagnwtizing Fisid ()

St 2001 P pabnn Wockahon

Extracting the Magnetic Component:
Decoupling

Al 803 7. 2004

Basa 0+ P jine: Wonkahog

Bruce Nestleroth, Batelie

Magnetization Level & L
Cgié Worked Defect Low Magnetization Signat
Nusilat MEL Tools
b
s
3 L
- -
i ! : l
FL ¥, u -
§ i Trm—— , 3 W
? e B
g b LY A i o 5 o 14
! L : b b S b At low maguetization levels the
[ - ; ;Fmd.m i T signals are complex
Apet 312 001 mﬂlﬂg M:Smknhvim D e Aped Bt D WYt Bl 20 5% pnlires W aahag
Muiti-Level MFL Concept Muitiple Magnetizstion Approach
High natization
1 ey * MFL signals at high magnetization levals are atmost

entirely due 1 geometry changes {moved and removed

mstal)

MFL signals at iow levels ara due to both geometry and

magnetic changes

* The difierence is due to magnetic changes - the most
important componernts of mecharical damage

APt S 2O Bran 2001 P paiina. Woeratins

Apri %12, 3001

Eonihtmimn s
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P .
Wﬂi\ Demonstration that decoupling works

Mechanical Damage
Reveaied!!!

SHY
5
a3t

‘E
2

Magnotization L

Defect Set Design for Assessment of
Tetection and Characterization

2 S
;T E
L e i
il , &2
Gouge Signal
franrmoned Typical Prior Defect Instaliation

< Defect ingtaliation ook about 2 minute.
-~ Mowvie at 10x speed
~ Segments et during valve cycling (about 3 seconds}

Machine Made Defects

Deant rerounded as
indentor removed
Stick/Siip pattemn
present

Fine cracks where
pre matetial worked

et 42, 2904 Band N PR gt Wty
Inspection Goals
!__..__._s

seifly {Significant Mechanical Damage}

« Detect
- Mechanics damage with darmage o e steel under
the inGereT
~ High stresses and straing in wakg of ndentor
- RENouUning
- Lracks
- Chareclerze
- Legree and emount of damege 10 the steal and
YEIOUNGing
- Dermt ang gouge iengths

At Tt 3, 2085 Bl 501 A b Woebainiy

— Detection Anzlysis
K 8

« Pecoupiing the MFL signal reveals the presence of
Zamage 10 the steel. A defect with damage to the steel
yigids 2 disingt signature in the decouried signal.

~ Tne gouge signal shows regions of deformed, moved
ang removes mety

- A ergurd Thain” SRows regions DE were defsrmed bt
0o parrnanert delgmation

» Decouping incresses the prohadiity of obtaitng 3
measurabie spnag from significar: mechaney Samage
and propedy differentiztes these signais from other
“anemaicus” signals

At & 2B Band 200" P: putee Wbty

S)J
I
a
o
e
&
(733
rt

Y owpadie T3 een 1Y
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LA Characterization:
N Example of Defects Studied

| Hizg Momeetiztion  Low Magnetimean

P ’ A "

H &

EE -

% w - e - - -

i i
H

s Future Pians:

P Same Defect Profiie (2% 2-2-2)
ol Where Do We Go From Here?

£, Cifferent Indentor - Decoupled

v Agplication: Build an Axial Tool :
~ Resuits show that an dusi magnetization too! can !
detect and identfy mechanics! ¢amage defects
: * Researcn: Circumderential MFL program
~ Shiective: Evaluate nspection capabifies for mets
i i85, mechanies’ damage, and cracks using

cittumigrential MFL ;
|
% Al Bt T, MLt Bl XilT P s 'Wenkagy

LAy

i T en
ToMn, Satele
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Overview

+ Pianning rock dent excavation and repair programs based
BANFFI2001 upen high resolution catiper tool data can be challenging

PIPELINE WORKSHOP

S The topics identified for discussion:

i ~ Tool validation
Planning Rock Dent Excavation Programs Based ~ Repair considerations
Upon High Resolution Caliper Tool Data ~ Excavation program planning
L. Biair Carroll
Fleet Technology Limited
Apak -1 7, do01 B 2001 P pabwa Workahop J:_..r-_f ‘!EE"' Aprd et 2 2y Bl XS P e W el Sl 2

Tool Validation Tool Validation

Validation af a high resolution caliper tool is a challenge I S o

Rock dents wil usually experience some immediate re-
rounding with removal of the overburden

* Further re-rounding may be svident g5 the ling is
sublacted to a constant internat pressure in the absence
of the overburden constraint

+

Validation processes require 8 means of rmodeling these
effects (Finite Element Analysis May be used)

Chocwiersmns Pabios et
Amtpedd dat Baist 2001 Pi paiione Werkahop Shde 4

Ageri 011, 2004 Baft 01 P palv Waekabay. Shce 3

Tool Validation Repair Considerations

Pt o Coransn-Guec * Codes consider dents defects when they meet ane or

o maore of the foliowing requirements {CSA Zesz-99):

~ The peak depth exceeds & mm {0,236 inches) in pipe
with an O less than 101.8 mm (NP3 4} o7 8% of the
OD i pipe iarger than 161.6 mm ¥z dlameter

] e
f g _ ~ Bents that contain stress toncantiaions
i e ~ Dents located on a mi or field weld and excesd & men
!' i depth
o * Experience indicates that dants less than 6% ofthe GD
! —— P may fail in service
Aprk 812 WYL mmvnwwm Shoie & L Al 512, 20T MM\KMWM Ghder &

Blair Carroll, Fleet Technology Lid.
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Repair Considerations

« Rermaoval of the constraint appiied by the indentor Gan
actuaily lower the fatigue Bfe of a dent
- implication: Dents that re-round to tess than 8% of the
D may stiil require a repair (sieave or cut-out)

< Wil a reinforcement sleeve be effective in eliminating the

potential for crack initiation and growth?
~ A pressure containment steeve may be necessary

A 012, 2004 Bure F001 T2 e Warkahop Shim 7

Excavation Program Planning

= Methodeloges required to rank dents on & piotity list
(similar to appiying ASME B31G or RSTRENG 10
corrosion tool data)

« Numerical models developed to predict the severity of
dents

+ Caliper toc! data should be correlated with corrosion and
crack toot data

- Work underway to deveiop rapid characterization criteria

dnard b 1 2. 230 Bl 2001 Hjlient W ohEEOS Shew &

Numerical Modeling of Dent Life
Expectancy

€

- Numericai modeling of full scale tests

p 60000
3 [X7:9

3 45000 4
8 s oo B
) &%

3 30000
]
&
5 15000 -
h-4
2
z ]
] 00 30000 45000 8000C
Trisl Cycle to Fallure
Agd 312, X0t Bani J001 Pigelnd Wailenip Sids B

Biair Carroll, Fleet Technology Lid.
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BANFF2001

PIPELINE WORKSHOP

Treatment of Vendor Tool Performance
Specifications for Corrosion and Crack Detection

Tom Morrison

Morrison Scientific Inc.
A B2, BT ol 2001 Pt Wortanop

-
" .
- Lot
f H i
T ;" .
ENE kN
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L5 4 e £
L] i * -
g 4 i
) :
s .
RS- SUEAN e A T T
From: Dy wnd Mariso, Ressk 2000, |54 WONDT
Apen 812, 207 Bartl 001 Piowinn Woraiap e 2

3a -.—.'3;::]
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Apri 12, 2001 Handt 2004 Piowiie Wrkshop B

Why Should ILI Toot Corrosion
Sizing be Validated?

+ Every pipeline has a unique corosion probiem,
therefore IL! tools should be validated for avery
plpsiine and every type of corrosion.

+ Estimation of measuremant error is a very ifnportant
cost saving methodalogy because uriderstanding
the tool’s performance

*+ may avoid unnacessary excavations,
+ aids in ready identification of potential leaks and
ruptures.

i 912, 71 Banif 2001 Frmaiins Workahop Sida &

Why Should ILI Tool Corrosion
Sizing be Validated?

* By vaiitfating an inspaction run any Il toct reparting
probiems should become quickly evident,

* To verify the tool vendors diatm of sizing acouracy
for penatration, length and width, Falureiugiure
pressung bounds are not typically included in a
Corfract.

« Besides repeatabilily, there is @ need to sheck
overall bias and variable bias {systematic mig-
repoding as a function of penetration, such as
overestimating shaliow features, and
urlerastimating deeper features).

Apek 13, 0T Bact 3501 Pipaions Watihop. S &

Why Should ILI Tool Corrosion
Sizing be Validateq?

* To determine whether 1L too! measurement error
gepends upon
- feature geometry (complicated geometry baing
e roubigsome 1or some taols o inderprety,
~ dengity of the corrosion arsas,
- penstration of the feature.
* Vo determine witether thers is a difference In 1L
ool reporting betwesn controlfad (aboratary
testing} vs. inspection conditions.

At B3F, 200 Bt et Piotive Warkitna Stk §

Tom Merrision, Morrison Scientific Ine.

e
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Why Should it Tool Corrosion
Sizing be Validated?

« Knowledge of sizing accuracy is necessary for ANY
prextiction based on Wi data (SuCh as growtn
modeliing-—see Working Group 10, Bob
Waorthingham ardd Yrevor Place}.

*To ¢ heck whether the 111 tool is “blind” to a
certain type of feature, such as Narow Axial
Extarnal Corrosion (NAEC}

-Automatic vs. manuai intempretation of 1L} ool
raposting—haow good is automatic vs. manual.
“Ne cessary as part of the process of daveloping

new L1 tools.

s W tt, BT Bank 2001 Pymiiss W eazbon Shidbe

Why Shouid iL! Tool Corrosion
Sizing be Validated?

« Enginears and researchers raquire an assassment
of the possible measuremant error in penetration
and length for fallure/rupture pressure calcuations
based on i and feld tool reporting.

Jepr 512, 3061 Bk 2001 Prpatern W iCskoh Shoim

- Disadvantages of NOT
oy Validating ILI Tools

+ Hihe il toot is not validated, the i) tool vendor and
pipeline operator can have unnecessary
disagreerments as to the iU (ool performance.

+ The pipetine regulatory agency has (o understand
that the pipetine operator and ILI tool verwlor agree
on the pertormance characteristics of the iLI tool.

« A non-validated or non-understood tool can lead io
unnecessary excavations, or the omission of a
repair that couid have stopped a leak of rupture.

Al 12, 2001 Backt 211 Pipwling Warkniog i 0

) Disadvantages of NOT
i Validating ILi Tools
« It is not possible to improve iLi tool performance if
the IL] tooi vendor does not receive feedback from
the pipefine operator as to the tool's performance.
+ After avery inspaction, some digs are done. Making
digs enables a quick check of the ILI ool

performance o be obtained, rather than having
something wrong be discovered a tong time [ater,

Aped 17, 004 Bart 3001 Pipabma Workshay Sinw 1

Other Aspects of iLI Tool
s Validation

» Check False Positive and False Negative calls for
cracks and comosion.

- incorrect oriantation and/or odomater sippage—

sometimes the fealure someons is attempling to

excavate can be on the other side of the pipe, and

can be several matres sway.

Maeasurerment grrors ace important as psr of

studying the relationship betwear (L1 and Beid tool

reporting. A regression line between an iLi tool and

a fald tod is not a valid relationship unless the

slope is cortected by accounting for the

measurement error of both tools.

Agrdl 12, 201 Aietl YN Fipdara W vy Sde 11

A Other Aspects of ILI Tool
oLl Validation

+ Hy having estimates of measurerent error of iLt
and field tools, if 4 comparison shows too large an
error, teasons for the difference can be looked for.
# things are worky, a reason should be detenmined
for the wonkyness,

=i L1 ool shouwld be valdated with respect to field
toof data, any available muiliple ins pection iLi
data, and using both types of data if possible.

Aark L. T Eoardt 2051 Pl Wt e 13

Tom Morrision, Momison Scientific Inc,

b




Banff 2001 Pipeline Workshop Working Group 8

Why Shaould Field Tools be
Validated?

: Why Should Field Tools be
£ Validated?
+ Field tools are typically taken {0 3é “perfect” The
reason is that “the cormosion was right in front of ry

» 2 fieid toof is not validated,

—the measurement error of the field tool will be
eyes.” Beware, fieid tools can have large errors wrongiy associated with the inine inspection
pasticulary if the conditions are bad, the corrasion 100!, which can lead to vnnecessary
15 very complicated, and there are time constraints.

excavations, ruptures or laaks,

~ it can lead to unnecessary refuting of the
vendors contracted specifications, and

~ the reguiator can call the inspection and
maintenance programs into question.

Help s o compare different feld tools.
Validation o f field tools wil heip assess the
capabilites of field toof cperating personnel,

A 12, 30001 Bank K0t Pipstn Wotihop e 13

Agik 112, 2001 BardT 2001 Rigrilies. W nebabog. Sude 14

Tom Morrision, Morrison Sciestific Inc,
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1
ronBaence L e R 80% MSI Contracted Specification

T T I T 1 i I T 1
0 10 20 30 40 50 60 70 &G 90 100
Penetration (%)

Figure 1.1: Measured vs, Contracted 80% Confidence Interval for Penetra-
tion for the Brand New Super-Duper High Resolution Morrison Scientific
Inc. In-Line Inspection Tool

Tom Morrison, Mormison Scientific Inc.
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KEY RESEARCH AND
£ TECHNOLOGICAL ADVANCEMENT

BANFF12001
PIPELINE WORKSHOP

Tool Development and Research

REQUIREMENTS FOR IL|

Question

© What in-line tool researeh anxt tachnological
advancements are next feeded by pipeline operators?

Blaine Ashworth
TransCanada PipeLines
)
A 12 2008 P! NI Pipwiie W rkanig fransCanada Aptil 342, ot Bl 2023 Piipmdinn We-coknteop e ¥
POLLFOR LI TOOL
ADVANCEMENTS THAT ARE ULTRASCAN CD ToOL
REQUIRED DEVELOPMENT - TIMELINE
Improvements of 1994 UitraScan CD Tool introduced by Pipetronix
« Caliper Tools?
= GiS toois? 1998 TransCanada ran UliraScan GO toofin 2
* Mecharical Damage Toois? MLV sections
+ Corrasion Metal 1]
swl 'f"s,f Tools? 19982000 TransCanada investigatad 40 Utrascan ¢
- Extra Resohtion features from 1998 rung,
- Transverse MFL?
- Multi-axis MF1,?
+ Crack Detection Tocis?
= Other Tools?
Ao 12, 2804 Mmhﬁuwm Sitte 3 Apes 12, 2001 Mmﬂ'mwmy K 4

ULTRASCAN CD SIGNAL FROM
ULTRASCAN CD TOOL ONE OF THE PIEZOELECTRIC
DEVELOPMENT TEAM TRANSDUCERS
« Primadly Funded by Pigetroni ”
. Orgﬁ:izzli; Chart for Gazztmm Teamwas: Aumpliade fan

L ,_.M,_Mﬁ

Erteramd Crack Dltance

T it

Betection geometry (left) and corresponding A-scan {right)

s oo

Blaine Ashworth, TransCanada PipeLines
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PRIMARY SENSOR SYSTEM
FOR ULTRASCAN CD UL?RASgig fgg RSENSGR
INSPECTIONS CAF
b ARG - S0 prise-acha crack Setection seneors .
+ sircuniersntial spacing - 10 me {a couple) 'm""?;,

Apri 312, 2%

fransdicers
EXAMPLE OF AN INSPECTION OF A GAS
PIPELINE WITH LIQUID COUPLANT TEMPORARY LAUNCHER &
RECEIVER

P o
PUmpng  uection of imspection (10 1)

20w
(8EaR.)

Bt Mprid U 17, 2000 st 2001 Pigmdieer W aricthap il

A B3]

RETRIEVING THE ULTRASCAN
CD TOOL AFTER SECOND RUN

TEMPORARY STORING OF
WATER BETWEEN RUNS

Agrd 37, P

Blaine Ashworth, TransCanada Pipelines
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SPEED PROFILE FOR 62-63-2 AND 92-63.2
ULTRASCAN CD RUNS

+ Thase two UitraScan CD too! runs using the previous
procedurt were very smooth.

= The Average inspection speeds were:
- 0.28 nvs for the water pumped directions, and
-~ 0.245 mvs for the air cornpressor driven dewstering
runs in the oppostte directions.

REPRODUCIBILITY OF
INSPECTION

i 12 2001 ot 2001t Supaiienn Wartiniig. Sk 13 A 2, 20a7

ACCURACY OF FEATURE DEPTH

REPRODUCIBILITY OF AND LENGTH PREDICTIONS

INSPECTION

= Nota singie defects {cracks, crack fieids} with an
estimated depth > 12.5% W.T. (e, 1 M) was missed in
the corresponding reversed {second) tun
* Lengths and depth ciassification from both runs were
good:
— with 2 mean deviation in tengih: + 8% and + 7% for the
twe inspected sections
— with depths in the same depth categories as measured
i 82% of the defects measurad in one saction, and
92% of the defacts measured in the other section

A 12 o0 Banit 200t Sipplinse Wi S 14 Ak 912 wxys

ACCURACY OF FEATURE DEPTH
AND LENGTH PREDICTIONS

ACCURACY OF FEATURE DEPTH
AND LENGTH PREDICTIONS

Pefect lengths
predicted by the L
ool vs. measurad in

the field

Agwi 512, 2008

K 357, 200%

Blamne Ashworth, TransCanada Pipel.ines 3
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ULTRASCAN CD R&D -} EFFECTIVE AREA REPRESENTATION

% CONCLUSIONS CF RECENT

+ #is possibie [0 fspect 3 gas pipeline using the UitraScan CD

took in @ Hguid slug
- proper preparations are imgortant

< UtraSean CD tool has sufficient sensitivity and discririnaton for
finding and accurately saing SCC for inlegrity management
PUrpOSEs.

+ & “basedine standard” hasbeen egabished for measorng the
performance of new arack delection took sgainst

- Assessment of CD tool date would be enhanced i Effective
Area Assessment methods for calcuiating resmaining strength

were possible.
A 12 2001 Bt 0% Prigaplives W creschop ahdé 18 Al §- 4 2064 arett T Pgusditnds Wt b 20
ey EMATSCAN CD TOOL )
@i DEVELOPMENT - TIMELINE é% PROJECT PARTNERS

1887  Pipelronx proposed new EmatScan CD Tod = Finanal Suppott fromeach parnner

concepl for Gas Pipelines « Project jointly steared by Pl and TransCanada
4988  TransCanada, 22/P and Pipetronix complgte »  Organization chart for Projedt is as folows:

Technical Feasibifty Study of EmatSean CD

Touot Congeni Emntsean Crack Dvtwcion 1001 Tool!
1998 Pl and Pipetronix merge & Agreerent for : MR Staariing Comtr i i

Deaveloping a EmatScan CD Teol negotizled S
2000 Too! Design Finalred
2002 Acceptance Testing of Tool planned

R Ptrnts (Gaempny B LG
ey
Apii =17, 2000 Bl J00T Pipalicn B oy e 24 At 13, 2001
PRINCIPLE OF OPERATION BASIC PRINCIPLE OF OPERATION OF EMATS
il
”‘:;:“"“ /-——-ccwu-x
DI,

\‘ L ph wti

Ty ey wirmunc 23 sfus e

ﬁ/é,."wmm

Basic principle of operation of EMATs

Blaine Ashworth, TransCanada Pipelines
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e,

gg"ﬁfgﬁg @Rp?fg %AZSN OF EXAMPLE OF DATA FROM A EMAT CRACK
e SENSOR ILLUSTRATING REFLECTIONS FROM
: T DIFFERENT TYPES OF FEATURES
/s s { np.-aa
£ N
i H Y
|i ; \‘ :(E
i{i*q.m;rmb"" ?‘,
WL )
W\, ermppacen Va4
"N % erwe
. 7L
TS
(At b it s e e s sy o Haing
ity in Ty pip wll

! CHARACTERISTICS OF

@ EMATSCAN CD
+ The goai of the new EmatScan CD tool are to:

— be able to operate in gas fines without a fiquid couplant
; ' —be & robust and reliable design
~ ~ provide fuli circumference wall coverage
— provide redundant detection of sub critical SCC features
— discriminate between internat and external features
—determine the length and depth of axial crack features
— predict effective areas, if possibie

TOOL DEVELOPMENT AND
RESEARCH

« Questions?

Apeld 012, 2007 Hannlt 20T Pagueiine W orkihop

A W47, 2001 Banet 2001 Pipwisia Werkahog

Stivn 20

Blaine Ashworth, TrancCanada PipeLines
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Banff 2001 Pipeline Workshop Working Group 8 —Poll Results

Workshop Session 8 - In-line Inspection of Transmission Pipelines
Wednesday, April 11, 2001 at 8:30 a.m. — noon

Co-Chair: Steve Gosse, Westcoast Energy
Co-Chair: Arti Bhatia, Alliance Pipeline
Poll Compilation -~ Blaine Ashworth, TransCanada PipeLines

Results of workshop poll on what the next Key Research and Technological Advancements the
pipeline industry will need in next 5 vears.

Pipeline Operators
- Crack Detection {SCC) & sizing (Gas Line)
- Increased tool reliability (hardware)

- Improvements on CD Tools for Distinguishing different defects and terminology clarification
- Mechanical Damage ~ incl. orientation on caliper
- Higher Accuracy —small diameter internal pits
- Crack Detection
- Increased Focus on ILI Repeatability — Reporting

- Smaller diameter (i.c., ) down to 6” and 8" reliable crack detection tool

- Crack detection & discrimination tool
- More accurate defect measurement for general corrosion
- Automated external corrosion validation tool

- Competition for UT tools (get prices in-line
- Atool that will grade severity of weld defects

- Better Reporting Accuracy
“Multi-Purpose™ tools - all-in one
- Pressure Failure Predictions for all types of defects

- Tool Measurement standardization — sounds logical, probably normal in other industries
- Maybe there needs to be several “test” or “validation pipe sections around continent
that serve as baseline references to normalize between variables (tool type, operator, etc.
Vendor would certify recent validation before use.

- Multi defect identification with a single tool/ single run. (Le., crack, corrosion, geometry &

corrosion (or ideally all).
- Algorithm development (continued) for faster, more accurate data reporting,

Blaine Ashworth, TransCanada PipeLines 1
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- Possibly a more defined set of standards or guidelines for vendors to follow in building
and operating ILI tools.

- Develop a “compact” low powered tool (i.e., digital or laser) that will have redundant
measurement in the same train to validate data.
- Tools that will draw the pipeline profile and provide an mmage of every feature, dent,
transition, etc. (i.., like an internal camera). This tool should have the same accuracy for

different speeds.

Others

- Reliable Detection of Seam Weld defects no ERW pipe in small sizes down to 6”
- UT corrosion detection & sizing for gas pipelines able to run in gas or oil.

- Better 1¥ run reliability
- Detection & sizing of longitudinal cracks in gas lines
- Inspection at higher gas flows
- Repeatable results
- Better accuracy of sizing

- Improvements are needed for geometry survey & feature definitions & definition &
investigations. Prime focus should be verification for safety evaluations, maintenance time
prediction for reliabilities. Integrate Materials & ultrasonic CD approaches good reasons,
may become the best approach.

- Pipe Movement monitoring is more viable than Stress monitoring. I believe this
enhancement will be made.

- Standardization of terminology of terminology and reporting for ILI runs. We can talk about
Probability of Detection until the Cows come home but is everyone (operator s, inspection
companies/ regulators) an example, measuring a defect differently, and then we will never
achieve the ultimate capability of using these tools!

- Better MFL for very thick walled pipe — Arctic applications
- Real time Risk assessment /Risk Management from IL] data

- Standardization including terms, accuracy & sizing, analysis, etc.
- Pipe in Pipe inspection
- Better define dents & damage (stress concentration, etc.
- Improve repeatability of inspections
- Improve accuracy of sizing defects
- Work towards inspecting low pressure gas pipelines

- Be able to identify mechanical damage better.
- Be able to size cracks more consistently

[ 2]

Blame Ashworth, TransCanada PipeLines
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- Multiple Technologies on one I1] Tool, to enhance detection and accuracy, also providing
greater value to the operators

- To see the increasing development and use of EMAT technology.

- Stress corrosion cracking tool.
- Caliper & MFL tool combination.

- 10/127 Ultrasonic crack detection tools
- Mechanical damage characteristics too
- New ultrasonic crack detection tools for gas lines

- Combination of technologies to consolidate crack, wall loss and deformation in one survey.
- This is needed now to address the rising concern in 3 party damage, which requires all
three technologies to fully identify and quantify,

interior pipe is not concentric or in a consistent location within the outer pipe. Inner pipe is
10” x 0.688 WT, the outer pipeis 12" x 0.75” WT. Annular space in filled with inert gas.
Operating temperature is 150F operating pressure 1600 psia.

- Real Time Readings from free swimming tools
- On board comparison of inspections logs while too] 1S running
- Bi-directional capabilities for large diameter transmission pipelines
- The ability to determine if a run is good within a few hours,

Blaine Ashworth, TransCanada Pipelines 2
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Banff 2001 Pipeline Workshop Working Group 8

Introduction

* Working Group 8: in-fine Inspection of
Pi?ES@ﬁggf{;HOP Transmission Pipeiines
* Topics - State of the Indusiry, Mechanical
- Damage, Dent Assessment, Tool Validation and
4]

. . . R&
Working Group 8: In-line Inspection ILI Vendor, Operator. Reqyy §
s ' s - andor, parator, egulators an
of Transmission Pipelines Consuitants
Apei 31 2, 200 Mm’t—ﬁ\cwm Apel W42 doa1

Bardl 2001 4 ks W wczinngy

Today's Discussion 1999 Discussion

~ State of the industry Today - Harvey Haines (GT1y * Toaol deveiopment

= Inspecting for mechanical damage, dents, hard spots - + False Calls
Bruce Nestleroth (Batetle), Blair Carrolf {Fleat Technology} * Feedback to vendorsivendor involvement

* Vendor Tool Parformance Specifications - Tom Morrison * tevels of analysis
{Morrison Sciemiﬁc) « Cire MEL

= R&D - Biaine Ashworth (TransCanada Pipeiines) * Users Groups

* Industry Standards - Reena Sahney (TransCanada * Industry Standards for tools specs, accuracy, confidence
Pipelines) fevets and terminciogy

Aprk 13 200+ Bankt 2001 1% patne Winiisop ‘ L Agud 9.1 2, 2001 hﬂmunmwm

2001 Objectives What was discussed

* 1L Tool Technology Advancements

+ Cortinue the dtalogue with alf stakeholders
*+ Defect Modals, Tool Vaditation

* R&D

+ Recognition of new advances in technciogy for
machanicai damage, high resoiution and crack detaction

» Recognition that stardard forrats nead 0 be ysed in
areas such as defect sizing capablitias POF Fommar,
defact terminology INACE Standards, $84A - sharg dems, I
q0uges, “cracks”, muft-mode defects)

s Daty gathering profocols and information fewdback to i
vandor is the key to most successhid Ikt nuns

© Thiae wishes Survey

A 12, 2601 B 1611 Pl Workanoy

ARl X Bank 206! P patag Warkshog

Sumimary Presentarion w0 Plenary




Banff 2001 Pipeline Workshop Working Group 8§

What still needs to be done

¢« Groups and consensus to come together on
standasdization of terminology

« Groups and consensus for validation of various
cenfigurations of defects

< CEPA, NACE, APL, OPS initiatives, CSA, ad-hoe
corenitiees need io have continued communication
across thelr isvels to ensure the standards and
consistency

+ Vendors need to be part of these groups and consensus
so that different levels do not exist.

Ak 342, 200t Banll 2001 F jeardrods W ickmbop

Sumnmary Presentation to Plenary




Banff 2001 Pipeline Workshop Working Group 9

Working Group 9: Risk Assessment: Communication, Public

Consultation and Planning
Tuesday, April 10, 2001, at 3:30 p.m.

Chairman: Ray Smith
Presentation Summary

This working group started with a National Film Board video entitled, “Worst Case Scenario”.
This video presented the diversified viewpoints of industry, the regulator, and the public - on the
drilling of a sour gas well. The video narrated the story on how a project of drilling a sour gas
well did not move forward, in spite of the fact that the company had both surface and sub-surface
permission, but not the community support. The video also highlighted the need for more
communication between the industry and the public; how to consult the public; and tips to plan
new projects.

The discussions that followed the video are as follows:
Ian Dowsett pointed out that the issue of public perception keeps coming up in this Workshop
and it is necessary to advance this issue, :

Industry should move from the “reactive” mode to the “advance planning” mode with respect to
public consultation.

Bill Tyson inquired, “what is the risk of this particular well when it is compared to other wells™?
Ian Dowsett informed the attendees that this particular well was classified as Level 4 and the risk
can be considered as acceptable.

With respect to the particular case presented in the video, one of the principal issues was that the
company wanted to reduce the emergency response zone to 4 km, as opposed to the normal 12

km.

The difference in the perception between the industry and the public was explained. For
example, the industry generally performs a risk analysis and arrives at a number. This risk
number is then compared with a published standard, e.g., MIACC. On the other hand. the public
does not care for the numeric risk values. This makes the communication between the industry
and public more important.

The time lag between the leak and risk is about | - 6 hours if the leak occurs in a well, but there
is no time lag if the leak occurs on an operating pipeline.

Rapporieur’'s Report — Sankara Papavinasan, CANMET Maierials Technology Lab




Banff 2001 Pipeline Workshop Working Group 9

Ian Scott presented some tips on how a company should move forward with a project.

*

Conduct good homework. Consult with the public at a very early stage. Give options to the
public. Provide room and prepare to modify the project.

Art Meyer also shared the view, and further indicated, that the public should be fully engaged:
the project should be communicated properly; alternatives identified; and appropriate changes
should be accommodated in the project.

Important points to be noted in communication:

The Public should not get the impression they are dealing with PhD’s and experts are being
brought in to force them to change.

Prepare to accommodate public view and needs.

Provide options and alternatives.

Build credibility and trust.

Negotiation requires values.

Identify the person to communicate.

Various forms of communications methods were discussed, as follows:

Informal is better, stay out of adversarial issues.

An nquiry is not necessarily the best option.

Field operators provide the first contact with the public and should be better prepared to
communicate with the public. They should be trained to communicate appropriately.

Too much communication should be avoided. For example, if 4-5 companies are drilling in a
community, and if they all communicating with the public on same issue, the public will be
lost in the information overload.

One coniact rather than multiple contacts.

It was highlighted that more than 50% of the companies are not part of any association, (e.g.,
CAPP) and are not part of any industry discussions.

Ian Scott informed the attendees about the public consultation process that CAPP is undertaking.

With respect to the public communication:

L 2

-

The issues are important, not numbers.

Values are more important than facts.

The regulator, (e.g., AEUB), moves in the direction in which the companies become more
responsible (self audit).

There is a process in place in which the corporations are ranked and the non-performers are
punished rather than the whole industry.

There should be an industry bench mark.

Recommendation: A coordinated effort to deveiop a “Risk Communication Tool”

Rapporteur’s Report ~ Sankara Papavinasan, CANMET Materials Technciogy Lab

bed
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Program Agenda

: BANFF2001 Video "Worst Case Scenario”

_ PIPELINE WORKSHOP Discussion

. — Recommendations
Risk Assessment/ Risk Management:
Communications, Public Consultation,

Planning
tan Dowsett, RWD! West Inc.
Mg 1 2 iy Benl? 2001 % paliens. W rkitep Apek b1 200 Bact® 2014 i W arkanog

.- Roles and Responsibilities: Industry \Roies and Responsibilities: The Regutator
S 2

Industry is responsible for the risks and

The regulator holds the resporsibility for
for managing these rigks.

facititating decision-making, the decision
itseff, and for ensuring that agreed-upon

+ Individual companies (due diligence provisions (designed to address the risks) are
ndiv panies ( gence) met. (e.g. NEB, AEUB, US EPA)
* Industry organizations and assodations * Incentives and dsincentives

e.g. CAPP, CCPA * Acts and regulations

= Standards and gudelines

Agufi 42 200 Bask 2051 Piankne Werkshoy

Awd 12, 2001 BandT 2001 B paikers Winhibay

The Role of the Public

The public does not have a direct responsibility;
they have a role in understandirg the issues
and being involved in the process.

« Individual invohvement

+ Organizations and activities

Aot 11, 260 Barll 01 75 pricon. Wortanay

At 200t

Lan Dowsett ~ RWIH West Inc.
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Banff 2001 Pipeline Workshop

Working Group 9 - Communications

BANFF2001
PIPELINE WORKSHOP

Risk Assessment/ Risk Management:

Communications, Public Consultation,
& Planning
lan Dowseft, RWD! West Inc.

Apik 312 200t Hact 700§ Plomine Workshny

Group 9 Recommendations- Part 1

« Move from adversarial to consuitative
processes. Le., consultation versus hearings.

» Understand the hazards and rigks earlier in
the process, Le., ensure that we
communicate the right message.

+ Distinguish between risk communications
techniques and risk communications
prOCEesses,

St B A2, 004 Bartf 2005 Pianalion Wamantn

ég Group 9 Recommendations- Part 2

« Field staff provide the first contact with the
public; they shouid be trained in risk
commurnication techniques,

+ The public are increasingly being contacted
about energy development; efforts shouid be
made to deliver the correct message and
reduce the number of visits.

gt 3~ 12, 2007 Buntf 2961 Pipmbtia Winkahos

Group 9 Recommendations- Part 3

+ issues are more important than numbers:
i.e., an annual risk of fatality of 1.0E-06 has
r0 meaning to the public, they will only hear
the word fatality.

= Understand the issues and concerns
expressed by the public and incorporate
these into the design of and operation of the
systerm.

gk 403, 23N Banlt 200t Prpadens Waprishtip

Sumnary Presentation to Plenary




Banff/2001 Pipeline Workshop Working Group 10- External Corrosion

Working Group 10 - EXTERNAL CORROSION
Tuesday, April 10, 2001 at 10:30 a.m. — 5:00 p.m.

Co-Chair: Robert Worthingham, TransCanada Pipelines
Co-Chair: Trevor Place, Corrosion Service
Rapporteur: Coral Lukaniuk, Global Thermoelectric

Summary from Banff/1999 Pipeline Workshop

This working group was focused on monitoring, assessing and predicting external corrosion.
Approximately, 55 participants attended the first session on Remaining Strength and
approximately, 85 participants attended the session on Corrosion Growth.

For Remaining Strength Assessment, the working group agreed that more direction in CSA 2662
would be helpful. The CSA Subcommittee would consider including a reference to RSTRENG
using a “commentary”. The CSA Subcommittee has included a reference of RSTRENG in the
latest draft. Also, over 80% of the attendees indicated that training in remaining strength
assessment would be beneficial. Based on this, it was recommended to CEPA to organize a 3™
party training program. This has occurred as part of this.

For Corrosion Growth, the working group was going to discuss with the CEPA the possibility of
preparing a standard guideline for field measurement of corrosion damage. Similarly, the
working group was going to discuss with the CEPA the possibility of using the CEPA Database
for collecting soil analysis and associated corrosion rate information. The suggestions are
currently being reviewed by CEPA.

10.1 Environmental Impact of Groundbeds
Katherine Ikeda-Cameron, NRTC & Tom Jack, NRTC

Objectives
10.1.1 Review recent investigations into environmental impact of impressed current groundbeds

(NRTC research).
10.1.2 Understand possible ramifications to the corrosion control industry.

Questions & Discussion
1. Dave Hektner, BJ Pipeline Inspection Services — How deep is an anode bed. Grant Firth,

Corrpro Canada — Approx. 100m.

2. Jamie Cox, DuPont Canada — Is temp an issue? Tom Jack, NRTC — Different
electrochemical reactions may depend on temperature.

3. Doug Waslen, NEB — Are they moving back towards graphite anodes?
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10.

11.

12.

13.

14.

15.

16.

Bob Gummow, Correng Consulting — There is coke around the anode and the oxidation
reaction is around the coke. Maybe we need more carbon backfill or to run the beds at a
lower current density (higher pH). Tom Jack, NRTC — many of the studies were around
petroleum coke. _

Stan Wong, CC Technologies — Any problems with aquifers mixing? Peter Haas, Corrpro
Canada - Some problems and in some cases, had to modify the groundbeds.

Grant Firth, Corrpro Canada — One of the clients is more concerned with surface water
getting into the well bore. Any thoughts on contamination with shallow groundbeds as
oppose to deep beds? Trevor Place, Corrosion Service ~ Was there a difference between the
two? Tom Jack, NRTC - Have some data on the shallow beds and have noticed some
contamination within a meter of the anodes. It quickly diminishes to background levels. All
studies for deep anode beds have been based on spit up water.

David Jolivette, Canspec — Any data on the beds before they went into place? Grant Firth,
Corrpro Canada — Most clients do not complete an analysis but soil resistivity is measured.
Are there similarities in the soils? Doug Waslen, NEB — There is a lack of understanding/
sharing in the industry but it has come a long ways. It is much better to share info.

Bob Gummow, Correng Consulting — Types of contamination. Tom Jack, NRTC
Guidelines seem to be applicable for the hexavalent chromium. Hexavalent chromium is
strongly dependent on the pH.

Reg Eadie, NRTC - What are guidelines for, shallow or deep beds? Doug - Not at this time.
Tt makes sense to treat the deeps as water wells.

Cliff Mitchell, CJ Mitchell & Associates — High concentration around the anode? Tom Jack,
NRTC - The exceedances are not very high and often within experimental error.

Tom Jack, NRTC — Would the roots of crops mobilize these metals? Robert Worthingham,
TransCanada — There doesn’t seem to be a strong concern but will keep Alberta
Environmental Branch informed of future studies.

ClLiff Mitchell, CJ Mitchell & Associates — Alfa and clover are very deep. Tom Jack, NRTC
- confirmed that clover has deep roots and it is common to find them at 2m (shallow bed).
Peter Haas, Corrpro Canada - That beds that have spit up have occurred in areas where there
is a high water table. Most simple solution seems to be to run a higher standpipe.

Tom Jack, NRTC — Commented that some of pressure in the standpipe has reached as high as
10pst.
Vote — Deep beds spit up.
Totals: 23 consultants, 9 researchers, 3 regulators, 7 downstream, 2 upstream
a. Isthis a problem? YES - 10 consultants, 4 researchers, 3 regulators, 2 downstream, 0
upstream
b. Should more work be done? YES - 19 consultants, 7 researchers, 3 regulators, 6
downstream, lupstream
c. Do we need more communication? YES - 14 consultants, 7 researchers, 3 regulators,
5 downstream, 2 upstream
CLff Mitchell, CJ Mitchell & Associates — From the research, shouldn’t there be
recommendations to use materials that produce the least amount of contamination? Trevor
Place, Corrosion Service — We need a balance. Doug Waslen, NEB ~ What's the tolerable
Jevel of risk? Robert Worthingham, TransCanada — We should work more closely with the
regulating bodies. Water and soil guidelines for contamination exist. Tom Jack, NRTC -
This is an argument for compliance. Reg Eadie, NRTC — Some work has been done but
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maybe not enough to put forth recommendations. Robert Worthingham, TransCanada —
TransCanada is currently looking at a number of sites.

17. Grant Firth, Corrpro Canada Is fluid “spit-up” from deep beds just a problem in AB? Peter
Haas, Corrpro Canada — Confirms that he has seen it throughout the province. Robert

18. John Chase — Hunter McDonnell Pipeline Services — Who funds the research? Robert
Worthingham, TransCanada - TC has funded this to get an understanding of the situation.
Maybe we can suggest to CEPA to do more work.

19. Peter Haas, Corrpro Canada — Believes it is easy to quantative the amount of chemicals in the
soil. Believes the contamination is very low and therefore, it is not a problem.

20. Tom Weber, Trenton Corp. — NACE would be a good source to form a task group to study
this. Robert Worthingham, TransCanada - There is some discussion on the NACE web

page.

10.2 Review of Cathodic Protection Codes & Standards
R.A. Gummow, CORRENG Consulting Service Inc.

Objectives

10.2.1 Review of industry codes and practices governing CP.

10.2.2 Explore differences in code interpretation and code intention.

10.2.3 Determine if codes and standards adequately address the intention of asset management.

10.2.4 Review accepted cathodic protection criteria and developments in monitoring
technologies intended to satisfy protection criteria,

10.2.5 Explore difficulties in assessing CP criteria conformance (interpretation and application).

Questions & Discussion
1. Barry Martens, Rainbow Pipeline — We had more difficulty achieving —-850mV criteria than
the 100mV criteria under tanks.
2. Bob Gummow, Correng Consulting - Is it more economical to use 100mV?
3. Grant Firth, Corrpro Canada — Shouldn’t the criteria be set by science and not owners? Bob
Gummow, Correng Consulting - This is Just a position.
4. Barry Martens, Rainbow Pipeline — More choices are maybe better. Bob Gummow, Correng
Consulting ~ The criterion do not give you zero corrosion,
5. Doug Waslen, NEB - Would the 100mV criteria achieve the minimum to avoid SCC? Bob
Gummow, Correng Consulting — Need to beware of sensitive areas.
6. Bob Gummow, Correng Consulting - Reference to OCC-1-1996, Section B.2.5. How many
people change their criteria based on these “other considerations™ Robert Worthingham,
TransCanada ~ Confirmed that TransCanada does.
Vote — CP Criteria
Total of 34 attendees that are users.
a. —-850mV off? YES - 539,
b. 100mV polarization? YES - 35%
¢. Other? YES - 129

~
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10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Doug Waslen, NEB ~ If you're not following industry practices, then you should document
why you are not.

Bob Gummow, Correng Consulting — Do you use more rigorous criteria downstream of
compressor stations?

Bob Gummow, Correng Consulting — With time, we’re going to see less provincial and
national standards and more international standards.

Robert Worthingham, TransCanada — How many people are using coupons? 3

Doug Waslen, NEB — Reiterated Bob Gummow’s comment that Canadian situations are
unique. Doesn’t think NACE standards are fully accepted in Canada.

Bob Gummow, Correng Consulting — Is -950mv an imposition?

Trevor Place, Corrosion Service — Do the upstream companies simply work with prescriptive
guidelines? Doug Waslen, NEB — The industry wants both prescriptive and goal oriented
regulations and it is very difficult to know the best path. It is difficult to audit. Alex
Petrusev, Corrosion Service — Why is it difficult? Don’t you require seeing that a company
is meeting the benchmarks? Doug Waslen, NEB — Many companies meet the criteria but
could still have corroston.

Reg Eadie, NRTC — As a member of the public, 1 wouldn’t be happy with 100mV if other
companies are doing more. We need adequate protection to protect the public.

Barry Martens, Rainbow Pipeline — If you had a leak, how do you determine what is
adequate? Doug Waslen, NEB - It depends on the situation, €.g. tape applied coating that
shields the CP. Can’t take one issue and dictate your corrosion program.

Robert Worthingham, TransCanada - I encourage you to get involved with CSA and CGA to
avoid future surprises.

Tom Morrison, Morrison Scientific - Mentioned that NACE was encouraging the move
towards to 100mV based on the info at the NACE National... ~4 papers.

Alex Petrusev, Corrosion Service - Why discount the -850mV criteria? John Beavers, CC
Technologies — 100mV proves to be more beneficial for many companies that cannot achieve
the 850mV. Doesn’t think NACE will drop the -850mV as the 100mV takes extra work.
Bob Gummow, Correng Consulting — The 100mV doesn’t appear in any of the world
standards.

Barry Martens, Rainbow Pipeline — Checked for CP by using a holiday detector on a tape-
coated line. Wherever, it jeeped, SCC wasn’t detected.

Tom Weber, Trenton Corp. — Has anyone found SCC under other types of coatings? Doug
Waslen, NEB — yes, asphalt. Offered the SCC report. John Beavers, CCT echnologies — It is
more likely to find it under tape but will find it under asphait. Made a reference to finding
SCC under swamp weights. For high pH SCC to occur, need high CP levels.

Alex Petrusev, Corrosion Service ~ What about seasonal variations and how it affects the
criteria? Bob Gummow, Correng Consulting - Some companies monitor these situations.
Doug Waslen, NEB — Isn’t TransCanada doing some work on seasonal CP? Robert
Worthingham, TransCanada — yes. Greg VanBoven, NRTC - Resistance goes down in
spring and goes up in the summer. In the winter, the resistance may be more electro-
negative. Dry soils are a concern as there are more fluctuations.

Tom Jack, NRTC - Criteria are general rules but do not necessarily achieve the end result of
corrosion protection. If the object is to protect the pipe, how relevant are the criteria in
100000 ohm-cm soils? How much influence, would this have in a dry environment?
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24.

25.

28.

29,

30.

31.

32,

33.

34,

35,

37.

Mark Johnson, Marr Associates — The criteria assists with both general corrosion and SCC so
we need criteria.

ChLff Mitchell, CJ Mitchell & Associates — How do you know the pipe is protected? Dig it
up to prove it?

Aside: Many of the comments refer to the overhead siide on German criteria, which is based on operating
temperature and soil resistance, for unalloyed and low-alloy ferrous materials.

- Greg VanBoven, NRTC - 100mv is almost impossible to prove, as the soil is not

homogenous. This hard to prove. Germans are looking at things they can measure on the
surface. Likes what the Germans are saying,

. John Beavers, CC Technologies — Highlighted that al] the existing criteria measures the

average around the pipe, not just the 100mV criteria. Non-homogenous soil affects all
criteria.

Aside: Turn off sufficient cp current sources that influence the pipe at the test site until at least 100m¥ cp
polarization decay... (10.2.5.7 ] } (overhead siide)

Robert Worthingham, TransCanada — How do the regulators feel about pipelines being

Bob Gummow, Correng Consulting ~ Isn’t the cracking range and the 100mV criteria in
conflict? John Beavers, CC Technologies ~ Care must be taken to ensure the pipe is not
inside the SCC cracking range when applying the 100mV criteria,

Tom Jack, NRTC - an unprotected pipeline proved to be quite a challenge to bring up the CP
levels after a long absence of protection.

Reg Eadie, NRTC - What about temp? Is the coupon the same temp as the pipeline? Bob
Gummow, Correng Consulting — Not always,

Bob Gummow, Correng Consulting — Do you find coupons expensive? We need to think of
the long-term savings.

Alex Petrusev, Corrosion Service — What is the savings by using the 100mV? Bob
Gummow, Correng Consulting - Most companies only use the 100mV criteria if 850mV
could not be met.

Bob Gummow, Correng Consulting — The standards would most likely avoid specifying
where to put coupons. Coupon use wouldn’t be hecessary if you were meeting the 850mV

criteria.

. Bob Gummow, Correng Consulting — Reference to NACE Test Method TM0497-97 - Use of

Couporns to Determine the Adequacy of Cathodic Protection

Doug Waslen, NEB - How do you know if coupons represent the pipe? Peter Haas — It wag
accepted for Alyeska. John Beavers, CC Technologies ~ There was zinc ribbon along the
whole line. CC did some modelling work to demonstrate the effectiveness.
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38. David Jolivette, Canspec — Are pipe depth CP readings taken at excavations being used?
Robert Worthingham, TransCanada — TransCanada is collecting info (soils data, ILI data,
etc.) in a database to assist with CP system.

39. Barry Martens, Rainbow Pipeline - Commented that current is going through the coatings
but you need to check.

40. John Chase, Hunter McDonnell - Is the CP data being correlated to the ILI data? Robert
Worthingham, TransCanada — It is difficult to correlate the data. Care must be taken when
determining what the correlations mean.

10.3 Corrosion Field Measurement and Growth Modeling

Objectives

10.3.1 Review recent field validation of corrosion growth models.

10.3.2 Determine application and limitations of corrosion growth models.
10.3.3 Discuss recent developments in external corrosion mapping techniques.

10.3a Corrosion Rate and Severity Results from In-Line-Inspection Data
Guy Desjardins, Morrison Scientific

Questions & Discussion

1. Brad Smith, Enbridge — How do we keep tack of variable growth rates? Guy Desjardins,
Morrison Scientific — There are seasonal changes and therefore, some variability. Brad
Smith, Enbridge — Is corrosion growth linear?

2. Fraser King, NRTC - Do you take into account that changes may occur yearly — between
inspections? Guy Desjardins, Morrison Scientific — Yes. There is not much difference in
rates. Growth was a few percent per inspection.

3. Bruce Dupuis, Baseline Technologies ~Was MIC involved in the data sets considered?
Robert Worthingham, TransCanada — yes. Guy Desj ardins, Morrison Scientific ~ Some
cases there were shallow features and others were deep. All features were included.

4. Stan Wong, CC Technologies — Growth size and accuracy. Guy Desjardins, Morrison
Seientific — Used ILI data and compared it to field data. Found that it is within the 10%.

5. Greg VanBoven, NRTC — Is it valid to overlay CP data over time to validate if CP is related
to disbonded coatings? Tom Morrison, Morrison Scientific — Can be done. Greg VanBoven,
NRTC - There would be benefit. Tom Morrison, Morrison Scientific — Depends on the CIS
data accuracy.

6. Doug Waslen, NEB — This type of analysis is very worthwhile as it helps companies to
defend their position.

7. Doug Waslen, NEB — In the US the ILI frequency intervals are very arbitrary.

8. Barry Martens, Rainbow Pipeline -~ Did you achieve what you wanted to? Robert
Worthingham, TransCanada — TransCanada was able to extend there interval period form 4
to 6 years on one line.

9. Stan Wong, CC Technologies — Regarding the error banding, the model doesn’t seem to
follow a linear pattern. Robert Worthingham, TransCanada — The acceptable risk is up to the
company, which is handled outside of the prediction model. The prediction can aid in
potentially high-risk areas.
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10. David Jolivette, Canspec ~ How accurate are the predictions? Guy Desjardins, Morrison
Scientific - Calculate probability of failure, etc for features along the pipeline. David
Jolivette, Canspec — How is soil incorporated in the predictions? Robert Worthingham,
TransCanada - The soil data helps to prioritize pipelines for their first inspections.

11. Harvey Haines, Gas Technology Institute — Have these been compared to the British Gas

inspections, is in a similar format, various sets of data can be reviewed with the Morrison
Methodology, This is independent of the ILI too] used.

12. Harvey Haines, Gas Technology Institute - Direct assessment in the US... can the data be
shared with some of the companies in the US? Robert Worthingham, TransCanada - We
could consider this depending on the type of data they are looking for.

13. Barry Martens, Rainbow Pipeline — We really need to understand and be confident of the
data you receive from the ILI vendor.

14. Ivani de S. Bott, Catholic University of Rio de Janeiro— What about the compositions? Can
you use the prediction on other pipeline? Robert Worthingham, TransCanada — The
composition and rate are applied per site. It is being investigated and has been applied with

SOMe success.
15. Vote — How many want to see more updates? ~50% of attendees

10.3b Laser-Based Corrosion Mapping System for Pipelines
Richard Kania, RTD Quality Services Inc.

Questions & Discussion

L. Trevor MacFarlane, Dynamic Risk — Feels this what the industry needs. The burst pressure
1s determined by Temaining metal. Is there anything that RTD does to account for coincident
small scale bulging, which may result in a non-conservative assessment? Richard Kania,
RTD Quality Services — We’ve developed software to overcome some of the problems. The
data is marked circumferentially. Each line is assessed independently. By doing this, we can
see the deformations. We use a pencil probe to verify the remaining wall thickness is as
expected.

2. Reg Eadie, NRTC - Methods using people vs. automation. For example, a human will see
crud but the machine won’t. Richard Kania, RTD Quality Services - The surface has to be
clean otherwise, the mapping results will be inaccurate, Tool operator checks cleanliness,

3. Kyle Keith, Foothills Pipelines — Foothills has used the tool and has found it beneficial.
Richard Kania, RTD Quality Services — In the future, would like to measure the pipe without
having a cleaned surface.

4. Dave Katz, Williams Pipeline West — Would like to see something like this in the US. Is the
tool used mostly to map complicated corrosion areas? Kyle Keith, Foothills Pipelines — It
saves the most money when it can be used for a long section.

5. Robert Worthingham, TransCanada — The faster you can get in and out of a repair site, the
more money is saved as the crews who are on stand-by can take the next steps. The quality
of info is very good and you get a much better feel of what is really there.
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6. Harvey Haines, Gas Technology Institute — Are you sharing your data with vendors? Robert
Worthingham, TransCanada — Yes.

Possible Topics for 2003

. & & &

Comparison of ILI data with above ground techniques.

Latest developments on CP criteria - NACE, CSA, CGA

Internal Corrosion Experience in Transmission Pipelines — monitoring & mitigation
Correlation of GIS data sets — IL], soil, etc.

Soil models for predicting corrosion.

Update of the environmental impact due to groundbeds.
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Action items From 1999 WG

.

Objective: Determine ¥ CSA should be revised to
explicilly reference RSTRENG., Explicit references
decrease the flexibility and ##ife of a staridard; however, the
group fecognizes that more direction in CSA 7862 wauld
be helpful,

- Action: The CSA Subcommittee congider including a
reference 1o RSTRENG using a “Corwnentary”.

+ Status: The CSA Subcommittee has included a reference
to RETRENG in the Iatest draft,
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Action ftems From 1998 WG

Chijective: Determine if training in remaining strength
assessment is required. Over 80% of attendees indicated
they would fing such training beneficial,
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anmange a 37d party training program to be rolled out in
iate 1898/2006.

* Status: This has otcurred.
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Action ftems From 1989 WG

» Objective: Explore advances of direct and indirect
Sofresion growth monioring methods,
- Betermination of site-specific corosion rates have
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- Action: Working Graup So-Chairs to discuss wih GERA
the pogsibility of praparing & standard guideline for fipigd
magsurement of corrosion damage.

* Status: Database is under revision, Suggestion will be
considersd.
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Bob Worthingham, TransCanada Pipeiine

* Status: Database is under revision. Suggestion will be
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growth monitoring methods.
~ Boil coupons are an alternative i locations where ILi datg

are difficult to obtain. Concern W3S sxoressed on how to
analyze and characierize soifs for SCITOSIGH rate
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Environmental Impact of Impressed
Current CP Groundbeds

+ The significance of soil comtamination causad by
inpressed current groundbed operation
+ Possgible ramifications to the corrosion contret industry
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= Codes and Practices Relating to
i Cathodic Protection

+ Reguiations and non-reguiatory guidefines
-~ CSA 2662, OCC-1, NACE RP-0189, Canadian Elactrical
Coda, C54 C.22.3 No. 6, NACE RP-0177

= Differences in code interpretation and code infantion,

+ Accepted CP criteria and developments in monittring
technoiogies intended io satisfy protection criteria.

« Bifferences in criteria interpretation and application

* Problerns with CP application
1:30 - 3:00
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i Corrosion Field Measurement and
it Growth Modeliing
+ Comosion growth modelling update

- limiations, accuracy, success of present models
~ Review of year 2000 field vailidations
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iechniques

- ease of application, accuracy, corralation to 1L data.
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é%& Expectations

+ No Judgement or Criticisr passed
+ Difference of Opinion is OK
» Different Circumstances
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Codes and Practices Relating to
Cathodic Protection
- Regulations and non-regulatory guidelines
BANFFR2001 ~ CSA Z882, OCG-1, NACE RP-0188, Canadian Electrical
PIPELINE WORKSHOP Code, CSA C.22.3 No. 8, NACE RPO177

+ Differences in code interpretation and code interdion.
« Accepled OP criteria and de veloprments in monitoring

Codes and Practices Relating to Cathodic technologies intended to satisfy protection criteria,
Protection + Differances in criteria interpretation and application
+ Probiems with CP application
Bob Gummow
Comosion Service
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= Corrosion growth modelling update
-~ lmitations, accuracy, Success of present models
- Review of year 2000 field validations
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NRTC
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Review of CP Codes & Standards

B CSA - 2662-94 Oil and Gas Pipeline Systems

Section 9.2 External Corrosion Control of Buried
or Submerged Pipeline Systems

« Cathodic protection must be applied to new piping “as soon as
practicable, but not later than one year after installation and shall be
maintained during the useful life of the piping” [9.2.1.2]

« Cathodic protection “shall be provided and maintained on existing coated
piping” [9.2.2]

e For existing bare piping where a corrosion investigation indicates
“oorrosion will create a hazard, corrosion control measures or other
remedial action shall be undertaken” [9.2.3]

« “Cathodic protection shall be maintained on piping that is ocut of service
but not abandoned” [9.2.4]

Section 9.2.10 Cathodic Protection Systems

« “Cathodic protection systems shall provide sufficient current to satisfy
the selected critéria for cathodic protection”

(“Note: Criteria are given in Appendix ‘B’ of CGA Recommended
Practice OCC-17)

- Banif/2001 Pipeine Workshop « Apr/01 Page 1




Review of CP Cades & Standards

I CGA-OCC-1-1996 - Recommended Practice for
. the Control of Externaj Corrosion on Buried or Submerged

Metallic Piping Systems — Canadian Gas Association

Section B.2.1 Criteria (Note this is an Appendix)

* A negative polarized potential (‘instant-off') potential of at least
850mVcse.

* A negative polarized (‘on’) potential of at least 850mV accounting for the
voltage drops listed in subsection B.3,

* A minimum of 100mV of cathodic polarization between the structure and
a reference electrode contacting the electrolyte as measured by the
formation or decay of polarization.

Note:  Where steel piping systems are Susceptible to stress corrosion
cracking (SCC) caution is advised against selecting polarized
potentials more electropositive than -770mVcse when using the

100mV polarization criteria.

0.4
Cracking
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pH

Comparison of the Resutts from Stress Corrosion Tests {Continuous Lines}
with those from Polarization Curves at Fast and Slow Potential Sweep Rates
for Different Carbonate-bicarbonate Soiutions, indicating the Extent to which the Experimentally Observag
Cracking Range can be Predicted from Electrochemica! Measurements

Source:  Parking, RN and F essler, RR., “Line Pipe Seress Corrosian C racking — Mechanisms & Remedies "™,
NACE Corrosion '35, Paper No. 120
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Review of CP Codes & Stendards

NACE RP0169-96 — Recommended Practice
Control of External Corrosion on Underground or
Submerged Metallic Piping Systems

Criteria ~ Section 6

« A negative polarized potential of at least 850mV relative to a
copper/copper sulfate reference electrode. [6.2.2.1.2]

« A negative (cathodic) potential of at least 850mV with the cathodic
protection applied. This potential is measured with respect to a saturated
copper/copper sulfate reference electrode contacting the electrolyte.
Voltage drops other than those across the structure-to-electrolyte
boundary must be considered for valid interpretation of this voltage
measurement. [6.2.2.1.1]

e A minimum of 100mV of cathodic poiarization between the structure and
a stable reference electrode contacting the electrolyte. The formation or
decay of polarization can be measured to satisfy this criterion.

(6.2.2.1.3]

- Bantf2001 Pipeline Workshop « Aprf0t Page 3




Review of CP Codes & Standards

VOLTAGE IR DROP

[ 0CC-1-1996

The following factors shail be accounted for when interpreting potential
measurements for compliance to the criteria listed in Section B.2

a} Voltage (IR) drop between the structure and the reference
electrode

b) IR drop in the pipe stee! and the lead wire during close interval
surveys

c) the presence of dissimilar metals
d) the influence of other structures

e} the presence of stray and telluric currents

] NACE RP0169-96

Consideration (for voltage drop) is understood to mean the application of
sound engineering practice in determining the significance of voltage drops by

methods such as:

£

a) measuring or Calculating the voltage drop(s);

b) reviewing the historical performance of the cathodic
protection system:

C} eévaluating the physical and electrical characteristics of
the pipe and its environment, and:

d) determining whether or not there is physical evidence of
corrosion.

- Banft/2001 Pipeline Workshop » Aprf01 Page 4




Review of CP Codes & Standards

SOIL IR DROP

vty

Voltrneter

_/i—‘ =
Test Station

Portable Reference
Electrode

1 Ve=E +V,
Pipe Test Lead \ Icp

j+——F

Typical Pipe-to-Soil Potentiai Measurment
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Review of CP Codes & Standards

equipotential surface

SOIL IR DROP

=y

o o Current
!

path
i j

R el

e

Equipetential Lines and Cathodic Protection Current Paths Around a Bare Pipe

Source: Parker, Marshall, E, “Pipe Line Corrosion

and Cathodic Protection.
Publishing, Houston, TX, 1954, p. Is

T EQUIPOTENTIAL
SURFACES

Representation of Current Flow to a Holiday in a Coated Pipe

Banrf/2001 Pipsine Workshop » Apr/01

Page 6




Review of CP Cades & Standards

. SOIL IR DROP

Ecorr + AEp

polarized potential
corrosion potential

il

change in potential due
to polarization

i

Cathodic Polarization at a Coating Holiday

\“1 cm diameter
cirgutar holiday

Percentage of Soil Voltage Drop with Distance Away from a Hotiday

- Banfif2001 Pipaline Workshop « ApriG1 Page 7
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I SOIL IR DROP
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IR Voltage Drop Relationship to Soil Resistivity and Area of Coating Holiday

Source: McCoy, John, “Cathodic Frotection on the Dampier to Perth Pipeline
Australia”, MP, NACE, Feb. | 989,
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Review of CP Codes & Standards

PIPE IR DROP

50 mV error

50 mV

Error in Pipe-to-Soil Potential Measurement Due 1o Current it Pipe

CABLE IR DROP

Resistance Bond et

-

?estSta:ion\; . .
1]
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0.3
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@
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Re
then:
Cable Voltage Orop is 6.7 V

Error in Pipe-to-Soit Potential Measurement
Due to Current in Bond Cables
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Review of CP Codes & Standards

— OTHER CONSIDERATIONS

OCC-1-1996 Section B.2.5

* In the presence of sulfides, bacteria, elevated temperature, acid
environment angd dissimilar metals, the -850mVese Criteria may not be
sufficiently electronegative.

* In some environments (concrete, dry or aerated high resistivity soil, etc.)

values more electropositive than the ~-850mVcse criteria may be
sufficient.

NACE RP0169-96

* In some situations, such as the presence of suffides, bacteria, elevated
temperature, acid environments, and dissimilar metals the criteria in
Section 6.2.2.1 may not be sufficient. [6.2.2.2.2]

* When a pipeline is encased in concrete or buried in dry or aerated high

resistivity soil, values less negative than the criteria in Section 6.2.2,1
may be sufficient. [6.2.2.2.3)

- Banfi/2001 Pipeling Workshep « Apr/01 Page 11




Review of CP Codes & Standards

K OTHER CONSIDERATIONS

German Standard
DIN 30 676 Design and Application
of Cathodic Protection of External Surfaces

Free corrosion potential in the
absence of cell formation Protective
{guideline value), Potential,
inV in Vese
at temperatures
- below 40 °C -0, -0.4 -0.85
Unalioyed 0.65 to ~0.40
and : at temperatures
low-alioy higher than 60°C -0.80 to -0.50 -0.95
ferrous
materials i anaerobic media -0.80 to —0.65 -0.95
in sandy soils with
resistivities greater -0.50 to ~0.30 0.75
than 500 Qm ' ' '

- Banft/2001 Pipetine Workshop * ApriG1 Page 12




Review of CP Codes & Standards ,

— CANADIAN ELECTRICAL CODE
Part 1 - Section 80 (CSA Standard C22.1-98)

80-002 Wiring Methods for Direct Current Conductors

(1) DC wiring in non-hazardous areas shafl conferm to the requirements of
Section 12 of this Code except that wiring below ground shall be

permitted to be:
(a) Buried ata depth of not less than 450 mm:; or

{(b) Buried at a depth of not less than 200 mm where installed in
faceway or where mechanical protection is provided in
accordance with Rule 12-012(3)

(2) DC wiring in hazardous areas shall conform to the requirements of
Section 18 and 20.

{(3) Notwithstanding Rule 20-004(8), underground dc wiring below a Class |
area shall be permitted to be installed in accordance with Subrule (1)

provided:

(@ The wiring is in threadeqd rigid metal conduit where it emerges
from the’ ground: and

(b) The conduit is sealed where it emerges from the ground and at
other locations as required by Rule 18-108 or 18-158.

Banit/2001 Pipsting Workshop « Apr/01 Page 13




Raview of CP Codes & Standards
— CANADIAN ELECTRICAL CODE
Part 1 — Section 80 (CSA Standard C22.1-98)

80-004 Conductors

(1) Conductors for dc cathodic protection wiring shall be not smaller than
No. 12 AWG and shall be suitable for the conditions of use as indicated
in Table 19 for the particuiar location where installed.

{2) Notwithstanding Subrule (1), conductors smaller than No. 12 AWG shall
be permitted to be used for instrumentation and reference electrode

leads.

80-010 Operating Voltage

When a cathodic protection system has a maximum available voltage of more
than 50 V, the voltage difference between any exposed point of the protected
system and a point 1 m away on the earth’s surface shall not exceed 10 V.

- Banfff2G01 Pipeting Workshop » Aprid1 FPage 14




Review of CP Cades & Standards
_ CANADIAN ELECTRICAL CODE
Part 1 - Section 80 (CSA Standard C22.1 -98)

80-012 Warning Signs and Drawings

(1) Tanks, pipes, or structures protected by a cathodic protection system
shall bear a marking, either on the structure, or on a tag attached to the
conductor close to the connection to the structure, warning that the
connection is not to be disconnected unless the power source is turned

off.

() A notice shall be placed in a conspicuous location adjacent to the
disconnecting means for any electrical apparatys that is connected to
the cathodically protected structures advising that the cathodic protection
must be turned off before equipment or piping is replaced or modified.

(3) Notwithstanding Subrule (2), in a non-hazardous focation the required
sign shall be permitted to advise the use of a temporary conductor, sized
for the maximum available current, to bypass the iocation where
equipment or piping is to be replaced or modified, as an alternative to
turning off the cathodic protection,

4) A drawing showing the location of underground wiring, polarity, and
anodes shall be provided inside the rectifier cabinet or in a location near

the cabinet.

(8) When the immersed surfaces of a storage or process container are
cathodically protected, a notice shall be placed in a conspicuous location
adjacent to the entrance way advising that the cathodic protection
system must be turned off Defore entering the container.

I- I Banf/2001 Pipeline Workshop « Apr/01 Page 15




Review of CP Codes & Standards
— CANADIAN ELECTRICAL CODE
Part 1 - Section 80 (CSA Standard C22.1-98)

Table 53 - Minimum Cover Requirements
for Direct Buried Conductors, Cables or Raceways

Minimum Cover - Millimerres
Wiring Non-vehicular Areas Vehicular Areas
Method 750V Over 750V QOver
or Lass 750V or Less 750V

Canductors or cable
not having a metal 800 750 900 1000
sheath or arnmour
Conductor or cables
having a metal sheath 450 750 800 00
ot armour
Raceway 450 750 60C 1000

Note;  Minimum cover means the distance between the top surface
of the conductor, cable or raceway and the finished grade.

- Hanf/2001 Pipeling Workshop « Apr/0t Page 16
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Corrosion Growth Modeiling
Guy Desjardins, Morrison Scientific

Apre 342, 2007 Bt 3001 Pgpiinn Woarkaning

Why Measure Corrosion Raty

+ {fwe knew whare COMosion was active, we could godo
those sites and fix the problem

»  we knew how fast COTOSioR was accuring, we would
know when io inspact the pipeline

A 12, 200 Bt 200+ P, W g

How to Measure Corrosion Rates

* Single inline inspection

* Muiliple indine inspection

* Failure and repair history of the pipaline

* From similar pipelines in similar environments {aspecially
a parallel pipeiine}

Apek 12, 2081 Bank 2001 Pipekt. Worithop

What do you do with corrosion rate
information

Locate sites where corrpsion is active so that coating,
interference, siope stability, or ether issues can be
atidressed

= Pradict future corrosion saverity

* Assess the need for futurs inspections of the pipeiing

Aot 12, 2001 Sant! 2001 Pipaknt W arknhiop

Matching the defects between
inspections

* Matching defects between two inspection needs to
account for all of the compiications from Gorrosion growth
and repair history of the pipaling.

* Cther complications inttude: odometer slippage;
ariemntation differences; fimited 1.} SCCUACY MEasUremerts
of depth, length, and width,

+ Changing resolution of LI toos,

© Sheer numbar of defect can be iarge.

Akl et YT el 201 Pt W ekt

Guy Desjardins, Morrison Scientific Ine.

Odometer Slippage
HE Y brgaetion 5
Srieststion 121 .
& .
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Matches from Inspection
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ég Determining Corrosion Rate

+ The corrasion rate is calculated based on the change in
defect size between fwo or more inspection.

« Limited ILi accuracy complicates the process.
« Corrosion rate must be positive.

fressry .l It BT Pl W orahon

% 1 Historical Change in Reported Depth

Probable Corrosion Rates

Fripth %

Ages 117, 2007 Backt 200 Pl W orsivon

Hripmetiond
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é > Full Range of Prediction
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Guy Desjarding, Morrison Scientific inc.
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Severity Prediction with
Normai Error
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Corrosion Rate Distribution
with Normal Error

Kok 43, W0t Bt 2011 Pigakinn Worsanon

Failure Pressure Analysis

+ Catculation may be based on
- B31G
~ maodified B316G
~ lerative Effective Ares calculation (like RStrerg)
*  Defect-interaction nies are used o make duster defeds,

- Al pressure cakeulations are a funclion of defect length and
depth.

- Accuracy of the measurements of {ength and depth sffe
acturacy of ihe failure pressure calkeuiation

ey 3-13, 2001 Bl 2001 Figakne Warkehag

How does accuracy of length and depth
measurements affect the failure pressure
caleulation?

Apei B-11_ 2081 Sanf 04 Pipuiine. Workanop

Accuracy of Depth and Length
Measurement

Apod 312, ko

Accuracy of Failure Pressure
Calculation

o

A 47, 200 Banlf 200 Pt 4 srvancg

Guy Desjardins, Morrison Scientific inc.
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+ Corrosion causes the defect depth and lengthito increase.
Their probabiity distributions migrate to the left,

« The failure pressure decreass. its probability distribution
emigraies to the rght.

+ The probability of falure increases with tirme due o
carrosien.

Apell 312 A3 Bk ZOG1 Fiuwlionn W Orsathany

Recall the Probability Distribution for it .
i o ad Pepth [ Probability of ailure
+ The probatitty distribution n
. : cepis leads o 2 probabilly
ard i} districution of faikere presure
wd . Ay »  Probabifly of faluré is the
Ny N probabiity that a defect eher
g m; \ P ruplures of leaks. -
AT " T Iy + The probabiity of rupture & the !
e 1 T area under the failee premune
n}i ) /' / probatiity curve to the left of
i, / MOP. S
o [ ¥ 4 L] ® bl ¥4 H 1 '3 B =
Tware
gt 12, G Bl G+ Pipstons Worksiug A 817, 2011 Bt 2001 Pippling Wovtihoy
\ Depth, Length, Faifure Pressure, Corrosion rfina " i o
Rate, and Probability of Failure 13 Shifting Failure Pressure Distributions

Apri B17, 2001 Bt 200+ Pugmaions: W vt

%%\ increasing Probability of Failure
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Richard Kania, a"mczws smm >
t&y . fime to gerformmspectmn_

~ Corrosion at 6 o'clock ﬁn?ﬁcuft to map, for
example,

SamtF 2001

bends, bu!ges}_j :

» Accurate data reéuxred for
assessment

St 3001

Richard Kania, RTD Quality Services Inc.
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Testing an: i

2, Pit Gauge
3, Pen Probe

Bt 206

quastion
quality. Need for accurate’ ‘corrosion

measurement technigues.

Richard Kania, RTD Quality Serpvices fnc.

Waorking Group 10

» Assessment using #EA

Sanlf WL
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BANFF2001
PIPELINE WORKSHOP

Working Group 10: External Corrosion

Bob Worthingharn: TranaCanada
Trevor Place: Corosion Service

Aioa $-17, 2081 Bkl 2001 Pipuions W okahon

WOrKing Lroup 10

Environmental Impact of Imprassed
Current CP Groundbeds

* The significance of soil contamination caused by
impressed curtent groundbed operation
+ Possible ramifications to the corrosion control ingustry

Apri B-12, 2007 Paent? 2061 Pipwiine Wortaheop Side 2

71 Environmental Impact of Impressed
ik Current CP Groundbeds
* Very localized concentrations, slightly axtceading

agriculiural soil guidelines, have been observed within tha
groundbed only

* s not considerad a significant problem

+ Additional study should be performed

= Improved discussion within the industry is recommended

+ Nead identified for consistent construction and
abandonmerd approaches for anode beds in general

A 952, 2004 Bal! 206 Pipuiiry Workatiop Esa 3

Environmental Impact of Impressed
Current CP Groundheds

ACTION ITEM for Banff 2003,

* Recommendations wiif be mads to NACE intemational
and CEPA to commission industry study of the issue

+ Recommandation will be made to NACE international 1]
review construction and abandonment practicas for anode
beds

Aprd 132, 201 Banff 2001 Pioming W orkahon Slos 4

Codes and Practices Relating to
Cathodic Protection

» Regulations aed non-regulatory guideines

~ CBA Z66Z, OCC-1, NACE RP-0163, Canadian Electrical
Code, CSA C.22.3 No. 8, NACE RP-0177
» Differences in code interpretation and cods intention,
* Acceptad CP criteria and deveiopments in maonitoring
technologies intended to satisfy profection criteria.
+ Diffgrances in critaria interpretation and appiication
* Problems with CP application

ok - 12, BT Banl 201 Fipan ¥ g diitse 5

Summary Presentation to Plenary

.

.

Codes and Practices Relating to
Cathodic Protection

Only first part of agenda completed
North American and German CP criteria were discussed

NACE RPU168 is under raview this yesar — thanges may be
axpected

Prescriptive vs goal crientad reguiations ware discussed

Aped 12, 300t B 2001 P Weotition S
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5y Codes and Practices Relating to
Cathodic Protection

ACTION ITEMS for 2003

+ Foliow changes to codes - highight changes
» Discuss AC interference

» Discuss CP moniforing methods

Apew @13 208t Bt 2061 Fupaling W aksivpn

é% Corrosion Growth Modelling

+ Growth modeiing methods continue 1o be refined
« Accuracy of s technique has been demonstrated

«  Growlh modeling based on a triplet of iUl data has shwwn
accuracy approaching that of an iLi run

Aprd #-12. 001 Baeft 3007 Prignafiewt W5 iR Dp Sarin &

é% Corrosion Growth Modelling

ACTION ITEMS for Banif 2003
«  Continue with techrology updates

« Report on any developments in soils models for predicting
exigrnai corrosion

» Report on efforts to correlate with other GiS data sets
- ie. Compare iLI and growth data 10 aboveground CP data

Aprd 312, 2001 Hanif 2001 Fipaline Workshop

@% Corrosion Field Measurement

+ Recent developments in external corosion mapping
techniques
- gase of application
~ ACCUFACY
~ comelation fo ILi data

Apei $12, 2001 B! 200 Pypalnn Warkahop Skde 10

éi Corrosion Field Measurement

Laser mapping is a fast and accurate method to assess
external corrosion damage

+ Provides siperior vigealization of corrosion faatures
»  Can reduce overali excavation and downtime costs
+ Espesially suled to large corrosion features

Aol 522001 B 2004 Popubers ¢ erhatiop e 11

Summary Presentation o Plenary

@% Corrosion Field Measurement

+ ACTION [TEMS for Banif 2003
- Tachnoiogy update

Aprt 12, 20061 Band? 2001 Pioatins Waortahop e 12
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Proposed New Topic for Banff 2003

+ indarnal corrosion on transmission pipekne systems

Aprk $.17, 2061 Bandl 2001 Pigminn W arkpiop S 14

Surmmary Presentation to Plenary
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Banff 2001 Pipeline Workshop Working Group 11

Workshop 11 — Offshore & Arctic Pipelines: Challenges & Needs
Tuesday, April 10, 2001, at 10:30 a.m.

Chair John Greenslade, Colt Engineering Corporation
Co-Chair Allan Murray Principia Consulting

Opening remarks by John Greenslade indicated that the workshop, and the associated
presentations, were to stimulate audience participation with issues specific to northern and
offshore pipelines. Further, it was pointed out that the workshop was to be a forum for
information exchange and education,

John Greenslade, Colt Engineering Corporation then made a presentation entitled Offshore &

- Arctic Pipelines: Challenges & Needs

. This presentation reviewed issues of strain based design, slope stability, uplift buckling,
etc. to stimulate conversation

Q: John Greenslade asked what were the effects of leaving a pipeline on grade as was done
in many parts of the world.
Jim Oswald suggested that the primary reason for burial of pipelines was to
prevent/minimize mechanical damage from external forces.

Larry Dyck indicated that a Geological Survey bulletin existed regarding frost settlement
and how much did the large ice content in backfill materials contribute to slope instability
Keith Leewis said that slope stability could be monitored with satellite surveys.

Allan Murray indicated that any movement vertically or laterally could be identified by
satellite but longitudinal movement of the pipeline would not be detected.

&

Jim Oswald, AMEC Earth & Environment made 3 presentation entitled Environmental
Challenges of Arctic Gas Pipelines

. Information presented indicated that the pipeline and right-of-way above the pipeline had
subsided to varying degrees over the pipeline operating life and the active zone above the

permafrost had increased.

. the loss of tree cover on the Norman Wells pipeline ROW was believed to have
contributed to thawing as solar radiation more readily reached the ground surface.
. the operating temperature of the pipeline contributed to ground thawing,
» Varying degrees of ditch subsidence existed with different construction technigues

Jasper Price asked when the chilled state of the pipeline ended.

Jim Oswald responded that the pipeline was initially required to be chilled to —1°C at the
Norman Wells discharge. After several years of operation, the requirement was changed
to permit the average temperature at Norman Wells to be ~1°C. This meant that the
pipeline discharge temperature at Norman Wells may be as high as —10°C in the summer
or as low as —4°C in winter as long as the average temperature remained at ~1°C.

=R

Rapporteur’s Report - David Webster
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John Greenslade asked if there was any change in the permafrost depth related to the

pipeline temperature variations.
Jim Oswald indicated that no studies had been done to address this issue.

John Greenslade asked if there was any other effect to the right-of-way or pipeline related

to the pipeline temperature variations.
Derick Nixon replied that the pipeline at KP2 moved up to 20 cm each season with no

detrimental effects indicated for the pipeline.

John Greenslade asked if ditch subsidence in Alaska or elsewhere was an acceptable

situation.

Dennis Hinnah responded that ditch subsidence in Alaska was aesthetically unacceptable

in the last frontier.

Derick Nixon replied that with gas pipelines any significant ditch subsidence may allow

uplift buckling of the pipe.

s Rick Doblanko advised that uplift had occurred on the Norman Wells pipeline with
the cause being temperature variation and not necessarily ditch subsidence. After the
integrity of the pipeline was confirmed, the pipe was bermed to ensure protection

from the public.

Rick Doblanko asked if anyone had solutions to minimize AT on similar pipelines other
than his experience of pumping hot air through the pipeline during the backfilling
procedure.

John Greenslade advised that in some instances operators used double walled pipe with

hot water pumped through the annulus to minimize AT.

Dave Webster asked if the wood chips used as partial backfill at some slope locations
prevented subsidence because of the insulation properties or because the wood chips
replaced backfill having high ice content and further whether wood chip rotting was a
concern..

Jim Oswald indicated that the lack of ice content in the wood chips was the primary
reason that ditch subsidence didn’t occur. In addition, wood chips had the ability to
bridge voids in the backfill that occurred over time. A mixture of hardwood and
softwood chips were used and fungicidal decay of the hardwood chips had been an
identified problem. This was being dealt with through various handling techniques.

Jack Clark, C-CORE, made a presentation entitled Offshore Pipeline Design for Ice Scoured
Environments

Rapporteur’s Report - David Webster

The presentation included information on pressure ridge and iceberg scour as well as
strudel scour and then dealt briefly with the use of double walled pipe in ofishore

installations.
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Rapporteur’s Report — David Webster

John Greenslade asked if there was any specific water depth where strudel scour effects

could be ignored as a pipeline design issue.

Dennis Hinnah indicated that his experience showed that at water depths of 15 to 20 feet
(~3 to 6 metres) the problem could be ignored.

Jack Clark responded that if a pipeline was designed to avoid ice scour affects, strudel

scour could then be ignored.

Jenny Been asked for information on corrosion/corrosion control issues relating to double
walled and offshore pipelines.

Dave Webster advised that the external corrosion control techniques used for the outer
pipe of a double wall installation and for a conventional single wall pipeline were
identical and provided no specific concerns as long as the current density requirements of
a particular location were addressed. In the case of a double walled installation,
maintaining the integrity of the pipe surfaces in the annular space was of primary concern
and this was usually accomplished by displacing the annulus to an inert gas and sealing
the annular space to prevent the ingress of water and ajr.

John Greenslade asked if the use of double walled pipe had any benefit in ice scour

locations.
Jack Clark indicated that the robust nature of the external pipe was probably a benefit

from the point of view of impact damage.

Ian Scott asked what research was underway or need to be done.

Tack Clark indicated that more research was required to:

* determine the strength of the ice in pressure ridge scour situations

* to assess the structural response of different pipe grades to scour damage

* to determine the minimum safe depth of burial for a pipeline in a scour zone

* to determine the affect of harmonizing US and Canada codes with respect to strain
based design for offshore pipelines

Slade van Rooyen asked if heavy wall pipe would be necessary for arctic construction or

only for pressure containment.
John Greenslade responded that hydraulics and bending stresses usually dictated the need

for heavy wall pipe in a pipeline design, regardless of location.
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Environmental Challenges of
Arctic Gas Pipelines

Jimn Osweil
AMEC Earth & Environmental

Thanks to Enbridge Pipelines (NW)} Inc.
for permission to use design and
performance data.

Issues

* Right-of-Way-Temperatures

* Thaw Setlement

+ Slope Performance

* Right-of-Way Drainage and Ergsion

Right-of-Way Temperatures

+ Significant warming of ground
temperatures in early years after
construction (some impact due to global
warming).

* Pump station influence on line
temperatures decrease with distance.

In case of Enbridge Fipelines (NW) Inc
pipeline, effect is negligible after about
50 km.

Thaw Setilement

+ Design Thaw Settlement
~ 0.8 m in mineral soils for northern region
= 0.7 10 0.75 m in minerai soils for southern
region
~ 1.2 m in high organic soils

Site | Thaw Depth|  ROW | Thaw I Pipe Thaw
E m) | Settlement | Strain (% | Settlement, Strain
| 188 | m L tm %)

t 278 E’ 08 }' 18 | 03 1

A 45 1 02 | 44 | I

B 05 | 015 | ox {

el S X B R

sA 225 | g3 | 133 !

7A ! 4 Loz pa 02 i osr |

BI85 1 g5 | i6a i

LA - BT R R SR

2B 45 1 1z e 1 314

58 33 | 05 | 154 05 . ;2

§ | 55 | og i M5 | o8 o122
| Average | ! Average |

i Stan 5% | Stan | 44

Jim Oswell AMEC Farth & Environmenta]
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Thaw Performance - Slopes

Frozen and unfrozen siopes
-~ Approx, 1560 siopes
- A7 % have no mitigation measures
— 33 % have select backfill
- 16 % slopes were cut-back
- 46 % insulated
- 8% cut-back and insulated

Thaw Performance - Slopes

« Insulation used was woodchips (gravel
was cangidered but not used).

« Purpose was to retard the rate of
thawing.
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Jimn Osweli AMEC Earth & Environmenral
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ey

Physical ROW Condition | 1986 | 1988

No Significant Features | 64% | 78%

Diteh fine Subsidence ! 29% | 15%

Ditch line Subsidence under P 0% | 1%
Woedchip Siopes !

Standing Water ;i 1% i[ 29,
i

GEOEE e ar a8k ea ar oz
ummmﬂnnu.(m

Jim Oswell AMEC Earth & Environmenial 3
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CHfshore Pipeline Design
for ice Scoured Environments

by
S {Waek) Clark, Ph.D., P.Eng.

i

Bant2031 Pipetine Workshop: Managing Piseline integrity

April §12, 2001

Background

AR S3Timated 80,000 pluk mites of ofshors Dipslines agergting in 2068

Largest consentration of pipatines & i e Galf of Mexice - 28,000
mi6s 1o 1988

Larges? otishore pinelne 800 ke from Siwipner Fiai¢ (Norway) to
Balgium

Deepest pigsline - Trans Meg Project - Tunisia to Haiy via Siciiy - 2200
i,

Onty Gré pipeling of approviciitesy 15 km iy CRArRLRE in northern
QERANS SUDGCLAL 10 168 INvRSION, (Lo LCOUr and Sirdel s¢our of the

woabed (Norhstar it Alagka)

Suversl thounangy of miles of o¥shors PIDOHNGS it ite BCOUreE torrin
Ay undar Conzideration

H
f

sack Tiark, Memerial University of Newfoundia

Working Group 11

Infroduction

Suhrex pigpelinas 1o rangpat 0 and gas retources are
used extensively in varicus offshore regions arcund the
worid,

Mast performance smustics availabio are for the Gulf of
Moxico wharg the greatest concentrzion is foune, f
Citshore pipalines can be designed 1o reliably transpery i
PRUGIOUM resources In 3 safe, environmentaly 2cceptable
and cost ¢Moctive manner,
Trend in offshare resource develaprment is to deepar water :
ihin previously devaioped and fo ihe Arctic.
Incresaingly Harsh environments being dovaloped presert
unpracedenind design, constructon and operational {
ISSU0S,
Pipeline integrity is the paramount issue. Failures oo
unzccentable in many countrias.

Performance Records i

» Performance records for sffshore pipeiines in the
Gulf of Mexico are comsaraltie 1o overiang
pipelines - failure rate is in therange of 1 x 105 %0
1o

The factors eontributing to failures are diferent
than on {and system - third party interventions

are [ower but sui significant. They ingiude, :
vessels, anchors, fishing trawis, dropped objects |
5.8

Performance Records {cont'c}

> Fallure rates inciude pipetines Bulitoday vears goic vy
FRBOUS Slancanis than oxist locay

# TOmosion can be signif y ¢t nat sliminatod by
resgrd day Sostings

# mdterialy are mugh UTPIGYE - N0 SHHA! weids

- eor it e gk E

» Sesignrequiniments zet out in codes of sractios sre mugh
TS AGNCUT oy than 3 seCadeagy
¢ CSAZSE299 04 & Gas Onshor ang Otishame
* AP RP1IT 1098 Offshore Hydracarinon Liguits & Gases
* DNV 1996 Dffshorn Licwic & Gas
* B8 8010 Liqui & Gaz
* ASME 8371 1992 Gax Liguigs Mydrocarbon
*ASHE BUIE 1995 Gax
* U5 DOT Part 195 Mazawdous Liquids
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Design Chalfenges for Arctic Offshore
Pipelines

ice invasion every year
lea scour

Strudel scour

Short construction season
Hostlle climate

Difficult logistics
Environmental sensitivity

PIPELINES IN ICE ENVIRONMENTS

& Recent C-CORE Project Locations

iceberg Scour Mark

Jack Clark, Memorial University of Newfoundland

Working Group 11

Ice Scour Features
Known & Expected

fce Scour/Seabed/Pipeline Interaction

- Ridge Characteristics

* Arctle and sub-arctic

ey L * First-year or sultl-year ice
¥ * m - 30m watsr depth

* 1km — 2km length

* 0.5km -~ 1km wide

— fcebarg Characteristics

« Arctic and Antarctic

* Canada, Graeniand, Alaska

* 5,000 - 10,000 years old

* <180m draught, <250m length
* 100,000 - 2,000,000+ tonnes

fce Scour/Seabed/Pipeline Inferaction

Limiting Factors
* Enviranmantal driving force
* ice strength and kinematics
* Sol strengih
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Background of Research by C-CORE

»Phenomenoclogy

>Field work

*Experimantal Modeliing
>Engineering Mode!

>Pipeline Risk Assessment Framework
>lce/seabedipipeline interaction

>Applications of Pipeline Risk Assessment

PRISE Participants

ARCO Alaska inc,

BP Alaska

Chavron

Exoxon Production Ressarch Company

Gulf Canadz Resources

Marathion OFf

Minerals Management Service (1.8 . Dept. of interior
Mobil Research and Development Corporation
Mohil Ol Canada Propertiss

Nationat Energy Board {Canada}
Norwaglan Resaarch Council
Patro-Canads
TransCanada Pipaling Ltd,
Union Texas Petroleum

Jack Clark, Memorial University of Newfoundland

Working Group 11

Lake Agassiz
Relict Scour Marks

PRISE RESEARCH TEAM

C-CORE
¢+ Andrew Palmer and Associates Lid,
Concordia University (Quebec)
Erwironmertal Sciance and Enginsaring, Inc. (Fiarida)
W Ceologic Survey of Canada

& Nixon Geotech Lid, {Caigary)

Notwegian Geotechnical Institute {Oslo}

University of Bitmingham {Engiand}
University of Laval
US Geologic Survey
Waodward-Clyde Consultants {Florida)
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Subseous ; Bl

Delormmaton :

Segur Depth

-
Expococ
Very wiak Very stong

5 St Srrength

Relztve sudscour deformation vg o Strengia

e _. PRINCIPLE GF CENTRIFUGE MODELLING

Digtripution

Progstypg

Prmnen

awagd

Strasx Biziibution in 12 Scaie Mode!

@ T
a w2

Stress Discibution in U2 Scais Mode! Under 2
.

E=] ‘.f,_-..
: +algd? ~;d

ice Scour/Seabed/Pipeline interaction

Characierization of Subscour Deformation
e s

©, smt P

Jack Tlerk, Memorial University of Newfoundian

Working Group 11

lce Scour/Seabed/Pipeiine Interaction

Characterization of Subscour Deformation
* Developed by C-CORE untor PRISE
+ Centrifuge modeling studles
* Empirical equations defining subseour displacement fiald
+ Sulstamtizted by feki observations

SCALING FACTORS

Mechanical Processes at 100g

Fui-sealt Modal-scais

Longtn 180 m Tm n
Mass 100008 tig o
Energy 1 ton T gm EY
Time (ciffusion; 27 yewrs 1 day "
Time (inertia; 3.2 monihs 1 day n

Numerical Modesing

.
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Numericai Modelling issues

Pigeling Structural Response
— Aliowable strain imis due to arge relative cisplacements

Strectural Stability - Compressive Limits
-~ Serviceabiity lesue ]
— Dit ratio, o response, moement-curvatire, prossure ;
= Inciplent bucking, wrinkiing and ovalization

Structural integrity - Tensile Limis

- Confdinmentissue |

— Engineering Critical Assessment (ECA)
~ Bateriy behaviour (CYOD values ang HAZ properties)
— PFlaw siro, shape and iocation

Numerical Modelling Issues Risk Assessment Framework
© Deting Hsk Ankyeis :

- Qlpectivens s Sywiem
Do rition 2 i

B =l IR

- ]
TR M < o ey :

hd vonnnuum Finite E?e-nent Aaaiys;s o . <
— Statecl-arnt for coupled ice scourisoilpipeine améyssg...& i HAZIE Frequoncy AnKYNs - Bvert Comagamon :
= Addresses Imiations of the structum! mode! e L varis o s § it st s e !
- Considerable axpertise, significant resource " ¥ T -
= Future need o couple with discrete ole frat-r > e N
structural finite element modais ang it ! N i
iAvestigations . = Risk Sstimates ‘
: - J {

Pipeline Risk Assessment Framework

L —
Pipeline Burial Depth Requirements . Subtoour detormation
- BxperTenialy
TWED

Alternativ Prefy
P 2 f = Srred o Sunsoner
LNCOTRTRISA] £ Y HOOUr Tty Setermaton
Goolachrical dats Repatitive manping ga,n:m‘:i
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Sad Strengan

Relztive subscour Ceformation vs 507 istrengtn

Jack Clark, Memorial Unive sity of Newfoundiand
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ICE/SQIL INTERACTION
Sub-Scour Deformation

- CEcreases with

BEARING CAPACITY OF SOIL

Tweman, 160 S kg ke 15 gu

i
Squam fontings: .
. Thed T B 0k |
%, e RN PO 5«
B 3
b (e angy 2.
[Mangen, 1873 1
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Izck Clark, Memorial University of Newfoundian

Working Group [}

STRENGTH OF ICE

TR TR ST, e

The failure ]
® oressuyre of ice T e

contact area. o

Comparative ice / 8oil Resistance
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Various Configurations, McBeth {1999;

| ik it
wit baichaed

Design Challenges to Offshore Pipelining

¥ Designcriteria and definitions are nat consistentirom country to
countyy, e.g9. CSA and AP|
¥ Hoops Stress - AP, R dadp aliows over 19%
higher | design p ® than CSA Stand
# Maximum operating prassure - API and CSA ara assentially the
Sare
# Combinad Loads - Combined Stressas
* The matiodologiesare based on different combined stress
typothasis. i the lsngitudinal stress s significany, the
Howahi i @ pressure will be sbautthe

same,
* i tongitudine strass s small than designis govemed by
Hoop-Siresk analysis ang AP aliows 2 greater stress
» Hydrostatic Text Pressure

* Althoug - thodeicgles they provide
apgproximataly the same stress Himils
> Btrain Lmits

® Major diffgrance

Jack Clark, Memorial University of Newfoundland

Working Group 11

Pipe in Pipe Design

Pipe in Pipe
> nsulation to reduce therma! offects

»Containment {no pipe in pipe as vet
canstructed offshore for containment)

> Approximately 500 miles of pipe in pipe is in
service

»Only one known failure during oparation {1890}
»Some failures during construction (tow out)

) Fipeline Mapping and GiI$ Integration
uses Three ‘Space Age’ Technologies, Hokiner {1958)

GPS
Globad Pusttioning

/ System Tachnotogy
S e

GEQPIG
nartial Tachnology

Design Challenges to Offshore Pipelining {cont'd)

> The API dp does
pipeiines for larga strains

> APl doss not idenitity 2 straln Bmitfor continued pipatine
opentions

» CSArscognizes histode wracdotalevidence of 1% « 2.5% fensiis
strain imit. Code, howaver, only silows 0.75% strain. Than x by &
factor 0.7 (0 get an aliowablestrain Feniof 6 9.5%

» The main body of CSA cods for oifshosm pipekins {Chapter i}
aliows 2.5% less msidual. This strain isvel must be demonsimted

> CSAlidantifies a tansile sirain Hmit for the pipewali {slastic ang
plastic) of 2.5% s rsiduat stradn,

* CSAsirain Hemits may be mnsite or RS Live sirain o e
by Grasnigt typs formuada,

# The CSA strain limit includ

ice for dexign of

il sraing from |

Mummhnmmwb
bhmumam.mmmmwmm
-mnmm%wmmwmm




Banff 2001 Pipeline Workshop

Major lssues

» rarmonization of Design Codes
#Strain based design
#Definition of aliowable strain limits
» Definition of Failure
FFunctional Defect - pipeline can be operated and
inspected by pigging. Repairs can be scheduled
- 0.5 POp up, wrinkie
>Functional Failure - pipeline can continue to
operate but cannot be pigged. Some fexibility in
repair scheduiing - e.¢. iandslide.
>Containmoent Failure - loss of product. Pipeline
is shut in immaediately.

FUNCTIONAL FAILURE

Atunctonai TRLUTre I8 cetineg
a5 pipeiine systam damags
without foss of product
coniirment {negrity 1o the
environment,

A funcuonsl defe, 35 shown
nere, ;& ohe where e e has
been damages it where afl
opErations NCUGInG iNsSpeckon
CEN LATY 60 35 Delove.

Afunctong! fzire 15 one wheve
therg is no Drogect loss it the
£OMBEUTBEON Wil /Gt Bilow all

SPErBLOnG. pressure.)

sperguong such 28 pgoing or Al

Jack Clark, Memorizal University of Newfoundland

~

Working Groy;

L33

-

A containment faiiure is
defined as pipeline
system damage with loss
of product contzinment
integrity, that is product
ioss to the external
envirgnment

EXAMPLE - FUNCTIONAL DEFECT

[ Bofore, (Upheava: Butiting;
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Pipeline Workshop
Working Group 11

- ARCTIC AND OFFSHORE |
PIPELINES

Technical Challenges Robust

| Pipelines in Permafrost Geotechnica!
Design

i
i
:
Warking Gatmas 11 Basrt 200t
Arviic urad OHyhmre Figw v Figiine Wowksiop

Technical Chalienges
| Pipelines in Permafrost

i
¢ Strain Based

% Limit States Design

Working Grup 11 Tantr 200t
Arctic wnd (e ivmrs Finy i Pipaline Worxanop

? T fade alt Tgie :
sonn Greensiade, Colt Znginsering

Working Group 1!

8 TECHNICAL CHALLENGES
SENV IRONMENTAL CHALLENGES

SARCTIC OFFSHORE PIPELINES

Warking Groug 14 Bttt 0%
Arcte nc DI ove Fipaiinea Popad irve. Weor Kairerp.

| Tecknical Challenges

Establishing:
& Strain Limit
E & Steel Grade
* Girth Weid Flaw Acceptance Criteria

for Pipelines Buried in Permatrost i
Wacking Group 14 Barat ‘
ALcB: vl Cita bov s Fige e Pipsiing Wor kahon

- Technical Challenges
| Pipelines in Permafrost Design

Hofuky Lkt Sastur

Aretic wv OFfanpes #ipu ives Pripasi wvn Wow kaeon
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Technical Challenges
Pipelines in Permafrost

L0 tasens T 5¢ iarha; presauTe
B Comiind Strima

v S 0 Y

Cdteimt HcGr = .25 Sor Yewrnad lude

VOR K seatiod, nort<iuker di e

B LoDt e R i AN
o K BMYT

Warking Grevs 17 ot samio Dot 2001
At anat OTinhore Pigm fons Piiotel ivia Waar ko
Technicel Challenges

Pipelines in Permafrost

L erking Greup 11 Dantr 20
H Pt sre Wt kanag

P

Working Group

Technical Chailenges
Pipeiines in Permafrost

Tl 20
Pigri irm W kaininp

Technical Challenges
Pipelines in Permafrost

St Datbe t Sixe For Siarfuce Wi i Cefec w
B0 mmen OO K EAd mm WY L Gr 4b MPE CTOR = 8.1 man

-

§

Eufeut Pt frnv)

i

Y. 1

i T Byl :
Iohn CGreenslade, Colt Engineering
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Compressive Strain Limits
Flaw Acceptance Criteria

Corridor, Limit States Design

Al
XY

e 5
1L
at \\), >
¥\ 4
T
' Flaw
Halght k
A m— é
g -
g *
L]
El =
LT AT N AL
mnn:;:mm FUMRE 1
MRLLENS 1 NELE COMT AT 1ihaampng SXRTEARVE AN L TE Warking Groug 1% ot 2001
Areiin wnd Oifa husre P ik Plaviine Workskop

st .

John Greenslade, Colt Engineering
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Banff 2001 Pipeline Worksop Working Group 11 - Offshore & Arctic Pipelines

Offshore & Arctic Pipelines:

. Challenges at Needs - John Greenslade .

. . « Strain Limie

Banff 2001 Pipeline

Workshop « Steel Grade

N « Girth Weld Flaw Acceptance Criteria *
Offshore and Arctic » Limit States Design
Pipelines . .
Environmental Challenges of Arctic Offshore Pipeline Design for Ice

Gas Pipelines - Jim Oswald Scoured Environments - Jack Ciark

* Pressare ridge scour

* Permafrost

« ROW ¢ lceberg scour

* Slope stability s s Strudel scour e
* Pipeline integrity ¢ Donble walled pipe

Wieg Goen +5 Wy g 11
Ot & ducaic, i et b A P

Conclusions

* Construction issues in permafrost
— BackH subsldencs
~ Affect on permatrort and ROW vegetation

* Harmonization of US/Canada offshore

design codes

+ Burial depth for an offshore pipeline in a

scour zone &

* Design ksues
~ strain based design, sfope scabifity, uplift buckling

5

Hovtncy G 11
Diiercte s Arcio Spatnus

Surmimary Presentation fo Plenary
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